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CHAPTER I: INTRODUCTION 
The Problem Situation 
The vertical integration of livestock producers into feedstuff 
processing and ration formulation has been widespread in the United 
States over the past 30-40 years. The development of cost-effective 
machinery, advancements in the science of animal nutrition and the 
dissemination of information regarding equipment, nutrition and various 
methods of formulating diets have contributed to this trend. 
On-farm feed processing and diet formulation are today found in 
nearly all sizes and types of livestock production enterprises. 
Van Arsdall and Nelson (1984) found that in 1980 approximately three-
quarters of farrow-to-finish and feeder pig finishing operations used 
some type of on-farm feed processing equipment to prepare about seventy-
five percent of the feedstuffs comprising their farms' major diets. Only 
21 percent of North Central region feeder-pig production enterprises used 
on-farm processing equipment to process only 30 percent of the ingredi­
ents comprising major diets. Percentages were slightly higher for 
feeder-pig enterprises in the Southeast. These data are shown in Table 
1.1 for the three enterprise types and the two major swine production 
regions of the United States. 
Seventy-three percent cf the cattle feeders with annual sales of 
less than 1,000 head and 75 percent of the cattle feeders with annual 
sales of over 1,000 head owned either a feed mill or a portable grinder-
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Table 1.1. On-farra use of feed processing equipment in swine enter­
prises, 1980 (Van Arsdall and Nelson, 1984) 
Type of enterprise 
and region 
Percent using feed 
processing equipment 
Percent of major-
diet ingredients 
processed* 
Feeder pig production 
North Central 21 30 
Southeast 34 32 
Farrow-to-finish 
North Central 77 81 
Southeast 76 80 
Feeder pig finishing 
North Central 75 77 
Southeast 64 59 
^The major diet is the one accounting for the largest part of 
total feeds fed to hogs. 
mixer (Feedlot Management, 1984). These data for small cattle feeders 
closely agree with those of Van Arsdall and Nelson (1983), who found that 
seventy-eight percent of cattle feeders with feedlot capacity of less 
than 1,000 head owned either a grinder mill, roller mill or portable 
grinder-mixer. 
All of the commonly used methods of formulating diets (algebraic or 
simultaneous equations solution, Pearson's square and linear program­
ming) require as parameters the amounts of nutrients contained by feed 
ingredients. The actual nutrient composition of a feedstuff is, however, 
a set of random variables about which feed processors, whether they be 
livestock producers or commercial manufacturers, may well know only 
estimates of the historical population means. These estimates are 
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readily available from the National Research Council (NRC), universities 
or other research institutions. Limited knowledge plus the costliness 
(in both money and time) of chemical analysis, the unavailability of 
other analytical methods and the lack of formulation methods which 
utilize nutrient content distributions have resulted in the use of mean 
value estimates becoming "standard procedure" in formulating diets. The 
combination of this "standard procedure", random variation in the 
nutrient composition of feed ingredients and errors in weighing and 
mixing ingredients may cause the actual nutrient content of a diet to 
differ from that desired, calculated and/or recommended. 
Parker (1985) found actual amounts of crude protein, calcium and 
phosphorous in A3 diets for growing pigs and 15 diets for gestating sows 
to frequently differ (often dramatically) from levels recommended by 
animal scientists at the University of Kentucky. These data for crude 
protein are shown in Tables 1.2 and 1.3. Specific sources of errors were 
not investigated. 
Foster and Mayrose (1985) investigated protein, calcium and phos­
phorous levels in 28 diets processed and formulated on the farms where 
they were used. Table 1.4 shows their data for a) the producer's target 
percent protein, b) the percent protein calculated by using ingredient 
quantities and the NRCs estimate of the population mean value for 
protein content, and c) the percent protein actually present in the diet 
as determined by chemical analysis. The various measures of percent 
protein often differ greatly for a given feed sample. Table 1.4 shows 
these differences as a percentage of the target protein level. 
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Table 1.2. Crude protein in diets for growing pigs and comparisons of 
actual and recommended percentages (Parker, 1985) 
Type Number Weight Range Rec. Percent of samples 
of pigs (%) (%) Below rec Above rec 
Nursery 11 12-60 13.8-19. 4 18-20* 5.5 -
Grower 11 30-100 14.3-18. 8 16-18% 18.2 27.3 
Finishing 21 60-mkt 11.4-20. 1 14-16= 14.3 28.6 
^Recommendation is for pigs 12-30 lbs. 
^Recommendation is for pigs 30-75 lbs. 
^Recommendation is for pigs 75 lbs. to market. 
Table 1.3. Crude protein in diets for gestating sows and comparisons of 
actual and recommended percentages (Parker, 1985) 
Feed, lbs/day Number Rec. Percent of samples 
(%) Below rec Above rec 
3 2 18 100 0 
4 10 14 70 20 
5 3 12 0 100 
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Table 1.4. Target, calculated and actual percent protein in various 
swine rations* (Foster and Mayrose, 1985) 
Type of Target Calculated Actual Deviation as percent of target 
ration C-T A-C A-T 
Gestation 16.00 16.20 15.40 1.25 -5.00 -3.75 
14.00 13.94 14.70 -0.43 5.43 5.00 
15.10 14.85 14.50 -1.66 -2.32 -3.97 
14.00 13.60 15.20 -2.86 11.43 8.57 
16.35 13.80 13.20 -15.60 -3.67 • -19.27 
15.00 14.29 14.30 -4.73 .07 -4.66 
Lactation 14.40 13.85 15.20 -3.82 9.38 5.56 
grower 15.00 15.63 16.70 4.20 7.13 11.33 
16.00 15.34 16.50 -4.13 7.26 3.13 
16.00 15.34 13.70 -4.13 -10.25 -14.38 
16.00 15.80 12.00 -1.25 -23.75 -25.00 
Grower- 16.00 12.96 13.30 -19.00 2.12 -17.88 
finisher 15.00 14.80 14.00 -1.33 -5.33 -6.66 
Finisher 14.00 13.61 14.50 -2.79 6.36 3.57 
15.00 15.34 15.20 2.26 -0.93 1.33 
13.00 15.34 15.40 18.00 0.46 18.46 
15.50 15.39 15.40 -0.71 0.06 -0.65 
16.00 15.34 16.00 -4.13 4.13 0 
14.00 13.62 16.00 -2.71 17.00 14.29 
*Nine samples from Mayrose and Foster are omitted from this sample 
due to missing values for the target protein percentage. 
Differences between calculated and target values (C-T) are due to error 
in computing ingredient proportions in the feed formula. Sixteen of the 
nineteen samples had C-T differences of less than five percent. Differ­
ences between actual and calculated values (A-C) may be due to any com­
bination of three possible errors; weighing ingredients, improper mixing 
(which may cause an inconsistent blend and thus lead to a sample that is 
not representative), and differences between actual protein content and 
the population mean of protein content for the ingredients used. The 
relative magnitude of these errors is not known. Only nine of the 
nineteen samples had A-C differences of five percent or less. Finally, 
differences between actual and target protein levels represent the total 
deviation from the level the producer wanted. Note that (A-T) = (C-T) + 
(A-C) and that only six samples (thirty-two percent) had A-T differences 
of less than five percent of the target amount. 
Deviations of a diet's actual nutrient content from an animal's 
requirements can affect the profitability of livestock enterprises. 
Nutrient deficiencies almost always result in reduced performance (growth 
rate, feed efficiency, litter size, milk production) thereby increasing 
costs per unit of output by reducing output for a given cost outlay. 
Supra-sufficient nutrient levels may increase or decrease performance 
depending upon the nutrient(s) in over-supply, the degree by which it 
(they) exceeds required amounts and the genetic capabilities of the 
animals in question. Examples of these effects are greater-than-
expected growth rate for feedlot cattle due to excess dietary crude 
protein and energy and reduced growth rate for swine due to the toxicity 
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of certain amino acids when consumed in large amounts (Jurgens, 1982). 
The supra-sufficient nutrient's effect on profit depends upon its effect 
on various perfoirmance traits and the costs associated with these traits 
(i.e., feed costs, fixed costs, etc.) 
The case of increased profit due to a positive effect of a supra-
sufficient nutrient in the diet has a noteworthy characteristic. It is 
true that, ex post, actual profit will exceed the profit anticipated in 
such a situation. However, if the presence of the above-expected 
nutrient quantity had been known and considered while choosing inputs 
(i.e., diet formulation, pen space allotment, etc.) a "certainty" profit 
could have been earned that was at least as large as the actual profit 
cited above. The certainty profit could well be greater than the actual 
profit because the combination of inputs and the resulting output under 
certainty would be optimal with respect to profit. No other input combi­
nation (e.g., the combination derived given ingredients with mean 
nutrient composition values) can be optimal and thus no other combination 
can yield greater profit. 
Finally, deviations between expected and actual performance may 
seriously affect the profitability of modern production enterprises by 
disrupting production schedules. Confinement systems represent large 
investments and, therefore, high fixed costs. The rate of flow of 
animals through these facilities is an important factor of profitability. 
Reduced performance at any stage may result in a bottleneck in the 
production system. Higher-than-expected performance may leave facilities 
unutilized for various periods of time if replacement animals are not 
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readily available or some factor (e.g., threat of disease) makes the 
introduction of other animals risky. The most obvious example of this 
situation is the confinement farrow-to-finish swine system where the 
relative size of buildings for various stages are based on certain 
performance levels (e.g., 2.0 litters per sow per year, 7.5 pigs weaned 
per litter, 175 days to 230 pounds, etc.). 
Corn is the major high-energy concentrate fed to swine and cattle in 
Iowa and other midwestern states and it comprises a substantial portion 
of the rations fed in these states. Its nutrient composition varies 
substantially, thus raising speculation that corn may be a major source 
of the variation between a diet's actual nutrient content and that 
desired or calculated by the feed processor. 
Tables 1.5 and 1.6 show descriptive statistics which demonstrate the 
variation present in the nutrient composition of corn. Statistics are 
shown for four nutrients and two samples. Twelve observations were 
deleted from the 1980-present sample due to lysine values that suggested 
these observations were high-lysine corn (Zimmerman, 1987). All observa­
tions originated from Corn Belt states. The samples were obtained from 
the National Feed Composition Data Bank (NFCDB) and were the result of 
neither a designed experiment nor a specified random sampling procedure. 
Note especially the broad ranges for all variables and the marked differ­
ences between sample means and NRC estimates of population means for 
crude protein and lysine content. 
The marketing system for corn utilizes grades established by the 
United States Department of Agriculture to convey information on quality 
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Table 1.5. Descriptive statistics for 1978-79 sample of dent yellow 
corn grain, dry matter basis 
Mean Standard 
Nutrient Number Range 
% 
Sample 
% 
Published* 
% 
deviation 
% 
Crude protein 190 8.7-13.45 10.9097 10.00 .81702 
Lysine 192 .2814-.3740 0.3368 0.28 .03045 
Threonine 192 .3243-.5250 0.4172 0.45 .03688 
Ether Extract 
(Fat) 32 2.536-5.400 3.9643 4.3 .53751 
^National Research Council (1981). 
Table 1.6. Descriptive statistics for 1980-present sample of dent 
yellow corn grain, dry matter basis 
Mean Standard 
Nutrient Number Range 
% 
Sample 
% 
Published* 
% 
. deviation 
% 
Crude protein 91 7.200-10.400 8.8893 10.00 .50131 
Lysine 91 0.274-0.3710 0.3254 0.28 .02097 
Threonine 91 0.3360-0.4160 0.3754 0.45 .01582 
Ether Extract 
(Fat) 5 3.9446-4.7998 4.2698 4.3 .35732 
^National Research Council (1981). 
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and prices. The grades are based on four characteristics: percent 
moisture, percent broken corn and foreign matter, test weight and percent 
damaged kernels. These traits and the discounts deducted from base 
prices for failure to meet certain standards supposedly reflect the 
"quality" of the corn in question. Miller (1978) investigated the value 
of different grades of corn to feeders of swine and cattle. He concluded 
that the corn grading system "provide[s] little information on the 
feeding value of corn possessing various levels of specified quality 
characteristics," and that the system was not even sign-optimal (Ladd and 
Martin) for livestock feeders since grading characteristics that had 
positive (negative) marginal values did not always raise (lower) grade. 
Raising or lowering grade has a like effect on price. Miller concludes 
his study by noting the apparent importance of corn's nutrient composi­
tion in determining feeding value and the omission of nutrient composi­
tion from the characteristics which determine corn grades and thus, in 
part, prices of given lots of corn. 
Objectives 
A recently-developed application of near infrared reflectance (NIR) 
spectroscopy (Niernberger, 1978) may provide relatively accurate and 
timely estimates of amounts of moisture, starch, oil and protein in 
samples of corn and soybeans. Accurate estimates of the amounts of these 
nutrients actually present in a lot of corn may enable livestock 
producers to derive input combinations and production schedules that are 
nearer their respective optimums than would be the combinations and 
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schedules based upon estimates of the population means for these 
nutrients. If potential increases in profit exceed the cost of the 
information (i.e., nutrient estimates), profitability of the enterprise 
would increase. 
The general objective of this study is to determine the value of the 
information generated by an NIR analyzer and thus the value of the NIR 
analyzer itself. The specific objectives are; 
1. Determine the value of NIR-generated information when the infor­
mation is used as: 
a. An error-free measure of nutrient content. 
b. An estimate of nutrient content which contains errors whose 
distribution is known. 
2. Determine the value of NIR-generated information to a producer 
who uses the information to choose which lot(s) of corn will be 
purchased. 
3. Determine whether the losses due to imperfect knowledge are 
distributed symmetrically. 
4. Determine the differences in the value of NIR-generated infor­
mation for feeders of beef calves versus beef yearlings. 
Relevant Topics in Animal Nutrition 
Nutrition is defined as "the science encompassing a series of 
processes in which food or feed is taken in and absorbed into the body of 
an organism which serves for purposes of growth, work, maintenance and 
repair of vital processes" (Jurgens, 1982, p. 537). This study concerns 
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economic aspects of maintaining and growing cattle and swine, two 
"organisms" as cited in the above definition. Therefore, animal nutri­
tion as it relates to these species is basic to the economic analyses 
herein. This section addresses the principles of animal nutrition 
germane to the study. 
Nutrients are defined as "feed constituents or groups of feed 
constituents that aid in the support of life" (Jurgens, 1982, p. 537). 
Morrison (1959) states that 
Although feeds are parcels of nutrients usually mixed 
with nonnutrient material, a complete ration may be 
more than a combination of feeds. It may include 
synthetically-produced vitamins, chemically prepared 
inorganic salts or biogenically synthesized amino 
acids. What animals eat in terms of the products 
actually consumed is fundamentally of much less 
importance than the quantity and assortment of the 
nutrients furnished by the rations made available to 
them. 
Three of these nutrient classes, carbohydrates, fats and protein warrant 
special attention as they are critical to this study. 
Carbohydrates are composed of carbon, hydrogen and oxygen in propor­
tions of 40:7:53, respectively. The class includes sugars, starches, 
cellulose, hemicellulose, lignin and gums. These compounds comprise 
three-fourths of the dry weight of plant material thus making carbohy­
drates the largest component of an animal's diet. Starches and sugars 
are readily digestible and comprise what is known as nitrogen-free 
extract. Cellulose, hemicellulose and lignin are poorly digested and 
The six classes of nutrients are 
- water 
- carbohydrates 
- fats (lipids) 
- protein 
- minerals 
- vitamins 
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comprise crude fiber. Ruminants such as cattle and sheep have micro­
organisms in their gastro-intestinal tracts which break cellulose into 
starches and volatile fatty acids which are then utilized for energy. 
Fats (lipids) are also comprised of carbon, hydrogen and ojjygen but 
their ratios differ from those of carbohydrate, being 77:12:11, respec­
tively. Fats provide, upon digestion, 2.25 times more energy than carbo­
hydrates per unit of weight and are highly digestible. Fats are composed 
of glycerol and fatty acids. Most feed grains contain less than ten 
percent fat. 
Finally, protein contains the same elements as carbohydrates and 
fats plus nitrogen and sometimes sulfur and phosporous. Protein is the 
principal component of an animal's soft structures and is comprised of 
simple units called amino acids. All twenty-two amino acids contain an 
a-amino group (NHg). "True protein" is comprised only of amino acids. 
"Nonprotein nitrogen" refers to compounds which are not true protein but 
contain nitrogen which can be converted to protein by micro-organisms. 
There are ten essential amino acids: phenylalanine, valine, threonine, 
tryptophan, isoleucine, methionine, histidine, arginine, leucine, and 
lysine. These ten must be supplied in the diet because animals cannot 
synthesize them fast enough to meet their requirements. "Protein 
quality" refers to the amount and ratio of essential amino acids in a 
protein. 
The amounts of nutrients necessary to satisfy an animal's needs 
without consideration of margins for safety are known as nutrient 
requirements. Nutrient requirements arise from chemical reactions that 
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produce energy and/or tissues to accomplish one or more of the following 
functions ; 
- body maintenance - lactation 
- growth - fattening or finishing 
- work or activity - reproduction 
Factors such as species, the animal's size, age and genetic composition, 
environment, amount of body reserves and presence of disease organisms 
influence nutrient requirement levels. A specific animal's nutrient 
requirements are actually random variables which are influenced by 
factors that are partly uncontrollable (e.g., weather and thus environ­
ment) and sometimes unknown (e.g., genetic composition). Due to these 
uncertainties, safety margins are combined with nutrient requirements to 
arrive at nutrient allowances. 
The following discussion of the nutrition of feedlot cattle and 
growing swine focuses upon protein and fat since these are the two 
nutrients which are of major interest to this study and can be measured 
by the NIR analyzer. Dietary protein is indispensable in swine diets and 
an important consideration in formulating diets for feedlot cattle. Fat 
is a very good source of energy for both species. 
Cattle possess a multi-compartmented stomach and ruminate (i.e., 
regurgitate and re-chew their feed). The most important of the four 
compartments of the stomach are the rumen and abomasum. 
The rumen is a large chamber that serves several purposes including 
storage, soaking and fermentation. The last of these functions is accom­
plished by the rumen's population of bacteria and protozoa and results in 
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the breakdown of some feed nutrients into constituent chemical molecules. 
Fibrous feed components (primarily cellulose) are broken into simpler 
carbohydrates such as sucrose, glucose and fructose which are generally 
known as sugars. Part of the protein in the diet is deaminated (i.e., 
the nitrogen-carrying a-amino groups are removed from the amino acids' 
main bodies of hydrogen and carbon). This portion is known as "degraded" 
protein. The portion of dietary protein escaping degradation is known as 
"by-pass" protein. 
High by-pass protein is, in general, desirable. However, by-pass 
protein percentages vary greatly among feedstuffs. Approximately 
seventy-five percent of the protein in soybean meal and cottonseed meal 
is degraded in the rumen thus leaving only twenty-five percent by-pass 
protein. Only about sixty percent of the protein in corn is degraded 
thus providing forty percent by-pass protein. 
Ruminai microbes perform another function of great importance; they 
synthesize amino acids by combining ammonia with hydrocarbon chains to 
form the protein of their own bodies. The ammonia for this process is 
produced in the rumen and contains nitrogen from the a-amino groups 
liberated in protein degradation and from nonprotein nitrogen (NPN) 
sources such as urea and ammonium chloride. Hydrocarbon chains come from 
both degraded protein and carbohydrates. Microbial protein becomes 
available for cattle to digest when part of the ruminai microbes move 
into the abomasum and subsequent organs of the gastro-intestinal tract. 
The abomasum is the "true" or glandular stomach of cattle and is the 
first organ of the gastro-intestinal tract that secretes enzymes. These 
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enzymes serve as catalysts to chemical reactions which reduce nutrients 
to forms which may be absorbed by the small intestine. 
Microbial and by-pass protein presented to the abomasum comprise the 
total protein from which metabolizable protein (MP) and metabolizable 
amino acids (MAA) are drawn. MP and MAÂ are defined as the quantity of 
protein and amino acids, respectively, that are digested in the post-
ruminal portion (i.e., abomasum, small and large intestine) of the 
gastro-intestinal tract of cattle and other ruminants. MP and MAA levels 
can differ dramatically from as-fed protein and amino acid levels thus 
affecting the quality of protein reaching the abomasum and subsequent 
organs. 
Table 1.7 shows as-fed protein and amino acids and MP and MAA for 
corn grain and solvent extracted soybean meal. Note that MP and MAA 
levels are substantially lower than as-fed levels for soybean meal while 
those for corn differ by a smaller amount. In fact, metabolizable lysine 
is actually higher than as-fed lysine in corn grain. These differences 
imply that the quality of the protein in corn is enhanced relative to 
that of soybean meal by microbial degradation and protein synthesis. 
Dietary energy is an even more critical determinant of the perform­
ance level of feedlot cattle than is dietary protein. Sugars, fats and 
volatile fatty acids provide this energy. Sugars (e.g., glucose, 
fructose) are produced from the breakdown of more starch. Fats are part 
of the diet and volatile fatty acids are end-products of carbohydrate 
digestion. High energy diets generally result in higher daily gains. 
The level of dietary energy depends heavily on the ratio of roughage to 
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Table 1.7. As-fed and metabolizable protein and amino acids in solvent 
extracted soybean meal and grade 2, yellow corn, dry matter 
basis (Burroughs et al., 1972) 
Solvent extracted soybean meal Grade 2. yellow corn 
As-fed 
% 
Metabolizable 
% 
As-fed 
% 
Metabolizable 
% 
Protein 51.50 17.16 10.10 7.18 
Cystine 0.83 0.22 0.10 0.07 
Lysine 3.59 1.33 0.25 0.46 
Methionine 0.62 0.28 0.14 0.14 
concentrates with a ratio of 10:90 being generally accepted as the 
minimum possible. Some feeders use a one-hundred percent concentrate 
diet but doing so requires extra vigilance and precise management. 
Dietary energy also regulates feed intake to a great degree. If the 
level of dietary energy is increased by ten percent, feed consumption 
will drop by about ten percent thus leaving daily energy intake constant. 
The reduction in feed consumption for higher energy content requires 
adjusting the amounts of protein and other nutrients in the diet so that 
the animal's requirements are still met. 
Swine are monogastric (i.e., simple stomached) animals and utilize 
feeds with high fiber content poorly. Swine diets commonly consist of at 
least one high-energy concentrate (e.g., corn, grain sorghum, barley) and 
at least one high-protein concentrate (e.g., soybean meal, meat and bone 
meal, fish meal) mixed in proper proportions to meet the requirements of 
the animal being fed. 
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Protein is perhaps the most important nutrient in swine diets. 
However, protein quality is critical because swine have a very limited 
ability to synthesize amino acids. Lysine, methionine and tryptophan are 
the amino acids that most frequently limit performance of swine fed 
common diets. Recent research suggests that threonine may also limit 
performance in some instances (Zimmerman, 1985). 
The vast majority of the energy in swine diets comes from two 
nutrients; fat and carbohydrates. Corn-soybean meal and grain sorghum-
soybean meal diets virtually always meet a pig's energy requirements 
when fed ad libitum (i.e., as much as the animal wants). These diets 
typically contain 3-4 percent fat and less than 4 percent crude fiber. 
Diets with up to 6-7 percent fat have become increasingly popular in 
recent years. Swine fed such diets eat less feed but gain about the same 
amount per day as those consuming regular diets. These effects lead to 
improved feed efficiency and suggest that energy intake is an important 
factor in determining feed intake for swine. 
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CHAPTER II: THEORY AND MODEL 
The proper method for measuring the worth of information to an 
economic agent is dependent upon many factors. The concept of informa­
tion having value is innately related to stochastic models since deter­
ministic models presuppose perfect knowledge on the part of all agents. 
This leaves no information lacking and thus no unknown information for 
agents to desire. 
This section discusses theoretical aspects of the value of informa­
tion and firm behavior, summarizes studies and models which have dealt 
with stochastic processes and livestock production and presents the 
analytical model to be used in this study. 
Information Valuation 
There are two distinct measures of the worth of information; actual 
value and expected value. 
The actual value of information is specific to one information item 
such as "The price of 1100 pound, choice grade steers will be $57 per 
cwt. next Wednesday." The actual value is the upper bound to what an 
agent would pay for the specific information item given that the informa­
tion is accurate. While such an upper bound may be useful, the nature of 
information as a commodity gives rise to a troublesome paradox; An agent 
will offer to pay up to actual value only if he (she) knows what the 
information item is, but if the agent knows what the information item is 
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why should he (she) pay for it at all? This paradox limits the useful­
ness of actual value measurements. 
The expected value of information (EVI) can be viewed as the upper 
bound to the amount an agent would pay for the right to information. EVI 
encompasses all possible information items, the probabilities of their 
occurrence and the outcome of each item's occurrence. EVI can be deter­
mined before a specific item obtains as long as the distribution of the 
population of information items is known. 
As an example of the worth of information, consider the following 
price uncertainty model where profit is a random variable due to price 
being a random variable. Assume that in the absence of information on 
price, P, the agent bases decisions on the expected value of price, E[P], 
and selects inputs to maximize 
ti(E[P] , • ) = E[P]'f(q)-PG'q 
where 
n(*,*) = profit, with the first argument being the value of the 
random variable upon which decisions are based and the 
second argument being the value of the random variable that 
obtains. 
q = the production input, 
f(q) = output, and 
Pq = price of the input. 
Denote the optimal input quantity as q (E[P]), optimal output as 
f(q*(E[P])), and assume that the first- and second-order conditions for 
profit maximization (i.e., " ~ ° and ^ '—- < 0) are 
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met. Note that the agent does not maximize expected profit or utility in 
this formulation. 
Presume for a moment that accurate information is available that 
says P = P^. Knowing this, the agent will now maximize 
n(P^, •) = P^'ffq) - Pg'q 
"k 
by using input quantity q (P^). Since the information item is accurate, 
Pj^ obtains and actual profit is 
n(P^. P^) = P^'f (q*(P^)) - Pq'q* (P^). 
The value of the accurate information item stating P = P^ to this 
decision maker is 
VIp^ = TT(P^,P^) - n(E[P],Pi). 
No other input quantity (such as q (E[P])) can yield a higher profit if 
* 
P^ obtains than will q (P^) since the latter is the optimal input 
quantity for P = P,. Therefore, VIp à 0. This is true for all infor-i 
mation items on P. However, by the previously mentioned paradox, why 
would the agent pay VIp for information item P = P, when he (she) 
^1 ^ 
already knows the item? 
Consider the expected value of information regarding price. It is 
stated as 
00 
EVIp = f VIp g(P)dP 
o j 
00 
EVIp = f (it(P,P) - ïï(E(P) ,P))g(P)dP 
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where 
g(P) «= the probability density function (p.d.f.) of P. 
Since VI_ i 0 for all j, EVIp à 0. 
j 
Note that EVIp here is dependent on the distribution of the random 
variable, the method by which the agent makes decisions in the absence of 
information (i.e., he (she) presumes F = E[P]), the input price and 
production technology. Differences between this generalization (which is 
representative of the model to be used in this study) and the models used 
in other studies will be noted as warranted in the discussion of these 
other models. 
Previous Studies of Stochastic Decision 
Processes and Livestock Production 
Several researchers have investigated decision processes in the 
presence of uncertainty and the results of these processes. Several 
sources of uncertainty have been considered. 
Sandmo (1971) investigated the behavior of a competitive firm under 
price uncertainty. He assumed the firm's attitudes toward risk could be 
summarized by a von Neumann-Morgenstern utility function and that the 
firm was risk averse and maximized its expected utility of profit. He 
found that optimal output under price uncertainty was less than the 
optimal output under certainty where price equals expected price. 
Furthermore, Sandmo drew several conclusions about the marginal effects 
of uncertainty, comparative statics of the firm and economic profits. 
Nearly all of these conclusions hinged upon one of the Arrow-Pratt 
functions for absolute and relative risk aversion (Arrow, 1965). 
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Blair (1974) addressed the issue of firm behavior under uncertain 
input prices. Here again, the objective was to maximize expected utility 
of profit where the firm was characterized by a von Neumann-Morgenstern 
utility function. Blair found that the risk-averse firm employs less of 
each production input than does the risk-neutral firm and that the risk-
taking firm employs more of each input than the risk-neutral firm. In 
addition, differing risk attitudes between firms may cause different 
expansion paths even when demand conditions, production functions and 
input supply functions are the same. Finally, conditions which enable 
production input contracts and differences between such contracts for 
capital and labor were analyzed. 
Feldstein (1971) analyzed the firm which faces uncertain technology 
by using a Cobb-Douglas function with constant returns to scale and 
random coefficients. He noted that, in the absence of a budget 
constraint, there was no unique solution which maximized profit with 
constant returns to scale and constant prices. A unique solution did 
obtain, however, when output price was a function of the quantity 
produced and the firm was subject to some budget constraint. The size of 
the budget constraint did not affect the optimal capital-labor ratio. 
Ratti and Ullah (1976) investigated firm behavior in yet another 
risky situation, that being uncertainty concerning the flow of services 
from inputs. Their findings were much the same as those of Sandmo and 
Blair with one major exception. Ratti and Ullah found that the input 
demands of the risk neutral firm were less than input demands of firms 
operating under certainty regarding the flows of input services. This is 
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because the price uncertainty models were linear in the stochastic 
variable (price) while the input service uncertainty model is concave in 
the stochastic variables. Due to this finding, it cannot be concluded 
that input demands by risk-taking firms exceed those of firms under 
certainty. Additional results were that an increase in the expected flow 
of one input's services increases (decreases) the demand for complement 
(substitute) inputs and that an increase in the variability of input 
service flows would decrease the demand for that specific input and its 
qomplement inputs. 
Several studies of livestock production in a nonstochastic, static 
setting have been made. These include both swine feeding (Dahm, Heady 
and Sonka (1976); Boggess, Olson and Heady (1984)), and beef feeding 
(Heady, Roehrkasse, Woods, Scholl and Fuller (1984); Epplin, Bhide and 
Heady (1984); Epplin and Heady (1984)). All of these studies involved 
estimating production functions, isoquants and gain or time-of-gain 
functions using feed inputs as independent variables. Corn, soybean meal 
and protein supplement were the feed inputs considered in swine studies 
while corn, corn silage, and soybean meal were the feed inputs in beef 
feeding. The various functions were then used to analyze optimum rations 
and decisions under several scenarios which differed as to objective, 
production system and marketing alternatives. 
Glen (1983) and Chavas, Kliebenstein and Crenshaw (1985) investi­
gated swine production in a dynamic yet still nonstochastic setting. 
Both studies drew heavily from the production relationships of Whittemore 
and Fawcett (1976) and Fawcett, Whittemore and Rowland (1978a, 1978b) 
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which related carcass composition and rate of gain to the amino acid 
content and protein to energy ratio of the diet. This dynamic approach 
appears to be theoretically correct in that it involved maximizing the 
present value of a future income stream and considered time as an 
explicit dependent variable. As such, this model may well define how 
decisions should be made in a nonstochastic world. 
While providing a tremendous base of background information and 
excellent examples of applying classical theory, the aforementioned 
studies all contain serious shortcomings with regard to the problem at 
hand. Random price models (both output and input) yield input quantities 
and output which, though often different from those derived when prices 
are known, are nonetheless certain. Such is not the case with livestock 
feeding in the presence of input quality variation. The models involving 
random technology and input services yield random outputs but force the 
decision-maker to accept whatever output occurs. Due to limits to the 
ranges of market weights for livestock and the often-major price 
discounts for animals outside these ranges, such a feature is unaccept­
able in modelling livestock production. In addition, the model with 
random flows of input services assumes that the distribution of these 
flows is known and used in the decision process. This is not a common 
feature in livestock production decisions. The models of livestock 
production all possess two major shortcomings. First, they relate output 
to feed quantities as opposed to nutrient quantities. Second, they are 
all deterministic thereby precluding any random variation in output due 
to random variables, including feedstuff nutrient composition. Finally, 
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the dynamic models presume that producers make decisions either contin­
uously or at short fixed time intervals and that they monitor the weight 
of animals in the same manner. Neither assumption is consistent with 
reality. 
An Expected-Profit Model 
In this section, a model much like those just reviewed is presented 
so that contrasts may be drawn between the behavioral assumptions of 
previously-used models and the practices perceived to be common among 
livestock feeders. 
In the section on animal nutrition, Morrison's statement that an 
animal's performance was more a function of nutrients than feedstuffs was 
cited. In this vein, represent average daily gain by the function 
(2.1) ADG = h (x^, X2 Xjç. I) 
where Xj^ = the amount of the k-th nutrient present in the diet used, 
and 
I = quantity of diet intake per day. 
Furthermore, relate the amount of each nutrient to the quantities of diet 
ingredients by 
(2.2) Xk = + %k292 ••••••+ 
where q^ = the amount of i-th nutrient-containing input consumed, and 
= the amount of the k-th nutrient contained by each unit of the 
i-th nutrient-containing input consumed. 
Hereafter, refer to as input i's trait value for nutrient k (e.g., 
corn's trait value for crude protein). Diet intake per day, I, is a 
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function of an animal's weight and the nutrient composition of the diet 
(Jurgens, 1982). Represent I by 
(2*3) I ° X2' •••• XJÇ» 
where W » weight of the animal. 
Substituting equation (2.2) into equation (2.1) and (2.3) and then 
substituting the revised equation (2.3) into equation (2.1) yields 
(2.4) ADG — AOG(X^j^q^ +.. •+ ' • • • » +•..+ q^» ^^^ll'^l ^ * * * 
^1N% ^1*^1 * * \N%' T*)) 
Equation (2.4) relates an animal's daily gain to the quantities of the N 
nutrient-containing inputs consumed, the weight of the animal, and the 
trait values of all K nutrients for all N inputs. 
Using these basic functions, consider the decision process of a 
livestock feeder who maximizes expected profits. The feeder is assumed 
to be risk-neutral. For simplicity, the amount of only one nutrient in 
only one feed ingredient (for instance, protein in corn) is assumed to be 
random. Let represent the single random variable. All other 
variables, including prices, are assumed to be known. An investment in 
feeding facilities is assumed to have been made at an earlier date. This 
investment places an upper bound upon the number of animals that can be 
fed and establishes annual fixed costs. The number of animals to be fed 
is assumed to have been determined by some constraint, whether that be 
the size of facilities or another more limiting constraint (e.g., 
available labor). Finally, the feeding period is assumed to be divided 
into feeding stages defined either by an amount of gain (g^) or a time 
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interval (D^). Each stage is characterized by a unique diet and is 
assumed to be independent of all future stages. The number of stages is 
a choice variable. Decisions in each stage, however, are constrained by 
decisions made in past stages due to past decisions' impacts on the 
animal's weight and total costs to date. 
Let profit per head at the end of stage s (i.e., at time t) be 
represented by 
(2.5) (Ti/head)^ = Pq • (W^^ + ADG^ • D^) - p. (q.^ + qi(t-i)) 
where Pg = the price of the output, 
p^ = the price of the ith input, 
DC = per-day costs, 
ADGg = average daily gain in stage s, 
D = days in stage s, 
s(t) 
D ^ = Z  D = D .  i + D =  t o t a l  d a y s  o n  f e e d  a t  t h e  e n d  o f  
t s t-1 s 
stage s, 
H = the number of head, 
Wjg = initial weight of the animals in stage s, 
q^g = the quantity of the ith input in stage s, i=l N, 
^i(t-l) ~ quantity at the ith input used before stage s, i=l, 
... , N, 
PHC = per-head costs including the cost of the feeder animal, 
AFC = annual fixed costs. 
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Note that the subscript t does not denote instantaneous profit. 
Furthermore, per-day costs (DC) represents those inputs (e.g., electric­
ity, water) that are most easily stated on a daily basis while per-head 
costs (FHC) represents those inputs (e.g., trucking, vaccinations) that 
are most easily stated on a per animal basis. 
Dividing equation (2.5) by total days on feed, D^^^+D^ = D^, and 
taking the expected value yields 
(2.6) E[(Ti/head/day)^] = E[p ^®s ' °s^ " 
t-1 s 
- fHC - 52 - i . 4g]. 
Equation (2.6) is the objective function of the feeder. Henceforth, 
represent profit per head per day as ir/day. 
Profit per day was identified by Doll and Orazem (1984) as the 
appropriate measure of profit for a firm to maximize when a) the length 
of the production process is controlled by the firm and b) long-run 
profit maximization is the firm's objective. A livestock feeder does 
control the length of the feeding period for a group of animals through 
his(her) choosing the nutrient composition of the diet and the weight at 
which animals are sold. Requirement (b) is one of the assumptions of 
this model. 
Let stage s be defined by a specified gain, g^. This is analogous 
to the situation where diets are changed when animals reach a given 
weight. With g^ established, let days in stage s be 
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0, = Â5#-- -
S 
Substituting (2.7) into (2.6) and taking partial derivatives with respect 
to the various q^g, the first-order conditions for profit maximization 
are 
8E[(n/day) ] , ggMDG. gr 
t-l s s 
1 AFC gg ggMDO-g 
H * 355)] D .+D - ADGg • - ) " 
t-l S s ADG 
S 
= 0, i=l, ..., N 
where 
k aADG axj.- 3ADG 31 ax. aADG ai aw 
MDG^g = marginal daily gain of the ith input in stage s, 
Ig = diet intake per day in stage s, and 
Wg = average weight of the animal in stage s. 
®Xkg 
Note that, from equation (2.2), % is X. . , the ith input's trait value 
"is 
for the kth nutrient. Since W is constant, r = 0 and the last term 
s dq^G 
of equation (2.8) is equal to zero. Rearranging the first-order 
conditions and grouping terras leaves 
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^'•ADG * ADG * ((n/day)^ + g h 365^^ E[p^], i=l, .... N 
s s 
(2-9) * °s * ((n/day)t + ^  + 5 = Pi' 1=1» ''' % 
S 
The economic logic of equations (2.9) can be easily seen. The terra 
MDG. 
Tfr;— • D , is the change in days in stage s (and thus total days because 
AUOg s 
has already been determined) that results from a change in The 
term in braces is the sura of profit per day at time t and the cost items 
which accrue per day on feed, (ir/day)^ captures the change in revenue 
resulting from a change in the turn-around rate (i.e., groups per year) 
1 -
To illustrate this statement, let = 10 and ADG^ = 2. 
Therefore, 
' ÂB#- ' ir = 5-
S 
3ADG 
Assume that % = MDG. = 0.1. Therefore, 
^is 
ADGg = 2.0 + .1 = 2.1, 
- 4-7*2-
s 
and dDg = 5 - 4.762 = ,238 
MDG. g 
Using the statement yields 
s 
dDs = ' 4.762 = .227. 
The discrepancy is caused by the finite value of MDG^^ used in the 
example. 
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DC 1 ÂFC 
and jj~ + H 3]^ captures the cost savings for this group of animals. 
Therefore, the terra in braces represents the total revenue resulting from 
a change in and the left-hand side of (2.9) is the expected marginal 
revenue of one more unit of the ith feed ingredient. The right-hand 
side, p^, is the marginal cost of the additional unit of the ith 
ingredient. The first-order conditions thus represent the equating of 
expected marginal revenue of the ith input with the marginal cost of the 
ith input, the latter being a known value. 
Now let stage s be defined by a set number of days, D^, meaning that 
diet decisions are made at fixed time intervals. The first-order 
conditions for profit maximization in this circumstance are 
8E[(n/day) ] , 
. E[ ±-r- (p • MDG. . D - p.)] = 0, i=l, ... N 
B^is (D^ ,+D ) " xs s 1 
t-1 s 
which simplify to 
(2.10) E[PQ • MDG^g ' Dg] = p^, i=l N. 
MDG^g is still represented by equation (2.8) but, where the last terra of 
(2.8) was equal to zero when gain was fixed at g, the fact that gain 
during stage s and consequently weight in stage s, is not specified when 
the number of days is restricted to means that may be affected by a 
change in q^. Therefore, the final term of equation (2.8) does not 
necessarily equal zero where the feeding stage is defined by D^. 
Equations (2.10) can be interpreted much like equations (2.9). The 
left-hand side is the expected value of the additional gain achieved 
during a period of days that results from an additional unit of q^^. 
The right-hand side is, again, the marginal cost of one unit of q^^. 
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Second-order conditions for profit maximization require that 
equation (2.6) be concave in the decision variables (Lancaster, 1968). 
Since nutrients, x^s, are linear combinations of the q^^s, concavity in 
the nutrients is sufficient for this requirement to hold. For equation 
(2.6) to be concave, the Hessian matrix of ADGg(Xj^, ..., Xj^i W^) must be 
negative definite. For this to be the casé, the successive principal 
minors of the Hessian determinant 
ADG ... DG ADG 
®11 ®iK ®1W 
ADG ... DG ADG 
®K1 KK KW 
ADG ... ADG ADG 
®W1 WK WW 
must alternate in sign beginning with less than zero (i.e., iHj^ I < 0, |H I 
> 0, etc.) when evaluated at the input vector which solves the first-
order conditions. Assume that this requirement is met and denote the 
optimal input vector as Q*. Q* and the KxN values of implicitly 
define the Kxl vector of optimal nutrient quantities for stage s in each 
situation. 
The terminal time of the feeding period, T, is the point in time 
where the marginal profit per day is equal to zero. At time T, the 
additional profit from feeding the current group of animals for one more 
unit of time is exactly offset by the profit foregone from future groups. 
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Time T determines the total number of stages, S. T is determined at the 
time it is reached. This allows for optimal termination given what has 
already transpired. The feeder need not know all parameters ex ante as 
is required in dynamic models. 
Given the optimal input vectors for all of the S stages, the optimal 
value of equation (2.6) for t=T can be determined. Note that all optimal 
input vectors will be based upon a known value of the random variable 
(i.e., perfect knowledge). Therefore, for each value of the random 
variable, the value of equation (2.6) evaluated at the optimal input 
vector must be at least as large as the value of equation (2.6) evaluated 
at any other input vector and the expected value of perfect information 
must be positive. This process is more precisely defined in the discus­
sion of the ML model. 
The Meyer-Ladd Anticipated-Profit Model 
The Meyer-Ladd (ML) model involves sequential decisions and is des­
criptive in nature. Its purpose is to portray how livestock feeders do 
behave, not how they should behave, since only an accurate description of 
a feeder's behavior can result in an accurate estimation of the value of 
information to that feeder. 
The basic premises of the ML model are: 
1. Livestock feeders currently make each feeding decision as though 
the nutritive quality of corn is known and constant but differ­
ent feeders may possess different perceptions of the constant 
quality. 
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2. Livestock feeding involves a sequence of decisions each of 
which, upon implementation, establishes some costs as fixed or 
sunk. 
3. Random outcomes may necessitate a need for unanticipated 
decisions. 
4. Producers generally accept university or extension service or 
textbook recommendations pertaining to dietary nutrient 
allowances and feeding stages for livestock. 
These premises depict several key characteristics of livestock feeders 
and livestock feeding and therefore are critical components of the ML 
model. 
Premise one means that livestock feeders do not perceive profit as 
being random over the distribution(s) of nutrient content(s). Therefore, 
they do not use the expectation of either the utility of profit or of 
profit itself as their objective function. Instead, they employ an 
objective function, whatever it may be, which they perceive to be deter­
ministic. Differing perceptions of factors such as the nutrient composi­
tion of diet ingredients and genetic capabilities of the animals in 
question may influence the feeder's decision-making at any time when 
perfect knowledge is not available. Various perceptions may result in a 
different objective function, different constraints on the possible 
values that some choice variables may take or different values of the 
variables perceived to be exogenous. 
Premise two causes some cost items to become fixed or "sunk" at 
various points in time. Examples of such items are interest on original 
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investment, insurance premiums and taxes at any point in time following 
investment in facilities, up-front per head cost items such as in-bound 
trucking, vaccinations and growth implants at any time following the 
delivery of feeder animals and all costs for a group of animals incurred 
up to any point in time. 
Premise three deals with a major shortcoming of the models 
previously reviewed. It allows the feeder to "re-think" any pertinent 
decisions in the face of an unfavorable outcome. An example representa­
tive of the ML model is when the livestock feeder must mix more of a diet 
than he (she) had anticipated would be required for animals to reach an 
acceptable market weight. 
Premise four has major implications on the options available for 
feeders and thus on the way decisions are made. It leads directly to the 
assumption that feeders use diets that possess the nutrient allowances 
recommended by university researchers and extension personnel. In 
addition, it forces the assumption that feeders accept the recommenda­
tions of these same people concerning the time intervals and/or weight 
ranges which define feeding stages and feed all animals ad libitum. By 
accepting these recommendations, the feeder fixes an entire set of values 
which he (she) could treat as choice variables in optimizing his (her) 
objective function. These assumptions imply that the typical livestock 
feeder does not maximize an unconstrained profit function such as that of 
the expected profit model. Rather, they imply that the feeder must 
consider a number of constraints in making decisions. 
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The most important constraint imposed by premise four (at least for 
the purposes of this study) are the recommended nutrient allowances. 
Recall that nutrient allowances, though, contain margins of safety to 
cover the variability of several factors, one of which is nutrient vari­
ability of feed ingredients. By using nutrient allowances, feeders 
implicitly include safety margins in their choices. The inclusion of 
safety margins may result in decisions which are "nonoptimal" from the 
viewpoint of classical economic theory but still quite logical given a 
feeder's state of knowledge and/or preferences for simplicity. 
In light of the descriptive purpose of the ML model, the appropriate 
test for the "correctness" of these assumptions is answering the question 
"Does this happen in the real world?" To answer this question with 
regard to premise four, consider that most cattle and hog feeders use 
diets that have nutrient compositions very similar to the recommendations 
of university researchers. While some of the recommendations are 
actually received from feed manufacturers, the recommendations are 
remarkably similar to those originating from universities. The exact 
source of the recommendations is not the critical point, though. The 
similarity of those from both sources and the fact that they are accepted 
by feeders are sufficient evidence to elicit a positive response to the 
question and thereby justify premise four and the assumptions it 
implies. 
In the discussion of the expected profit model, several decisions 
were assumed to have already been made. Those assumptions were based on 
the sequence of decisions which must be made in a livestock feeding 
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enterprise. This sequence is another important part of the ML model 
because it, by itself, determines several components of total costs. 
The first decision that a livestock feeder must make is, of course, 
whether to invest in required facilities. Taxes, insurance premiums and 
interest on the debt incurred to make the investment must be paid regard­
less of utilization of these facilities. Such a decision can be based on 
a number of criteria (e.g., net present value of the present and future 
income streams, internal rate of return). An affirmative decision 
regarding investment is presupposed since a negative decision leaves no 
problem to solve. The decision to invest establishes sunk capital costs. 
Such costs represent a sum upon which the feeder is assumed to attempt to 
earn the highest rate of return possible. 
Given that an investment in facilities has been made, a feeder must 
decide whether to feed animals. The criteria for this decision is 
whether "anticipated" output price (ACpg]) exceeds minimum "anticipated" 
average variable costs (min(A[AVC])). The exact nature of an anticipated 
value will be discussed later. Again, an affirmative answer must be 
presupposed since a conclusion that AEpg] < min(A[AVC]) leaves no animals 
to be fed and no further decisions to be made. 
With these affirmative decisions already made, the livestock feeder 
must decide how many animals will be fed. This is accomplished by 
identifying the constraints to production (e.g., pen space, capital, 
labor) and the most limiting of these constraints. Selection of the 
number of animals, H, determines per head sunk costs. Per head sunk 
costs represent items such as trucking, receiving vaccinations, worming. 
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implants, etc., which are best expressed on a per animal basis since they 
do not vary with the amount or rate of gain and become sunk at the time 
of acquisition. 
At this point, the livestock feeder must begin making a series of 
decisions concerning the quantities of "post-acquisition" variable inputs 
that will be used. Post-acquisition variable inputs fall into two 
distinct categories; nutrient-containing inputs (diet ingredients and 
water) and per-day cost items (labor, repairs, utilities, interest on 
operating capital, etc.). The cost of water is assumed to be included in 
initial investment (i.e., drilling a well) and utilities and thus, 
nutrient-containing inputs refer only to a diet ingredients. .The 
premises and assumptions of the ML model have a profound impact upon this 
decision step. The way in which these decisions are modelled will be 
fully developed in a subsequent discussion. 
The final decision which a feeder must make is when or, alterna­
tively, at what weight animals will be sold. A series of "feed-or-sell" 
decisions commences upon the animals' reaching a minimum acceptable 
market weight. The actual decision to sell may be made at any weight 
above this minimum regardless of the feeder's anticipated selling weight 
for the animals. The criteria for feed-or-sell decisions is the change 
in anticipated profit per day that will result from an extra number of 
days on feed or an extra increment of weight. A decrease in anticipated 
profit due to additional feeding results in a decision to sell at the 
current time while a increase in anticipated profit results in additional 
feeding. 
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The notion of an anticipated value is a unique feature of the ML 
model. While an anticipated value is one that is "expected" by the 
feeder in layman's terms, the notation "anticipated value" is used 
because such a value may not be the result of a mathematical expectation. 
The latter is, by definition, the expectation of a random variable or a 
function of a random variable over the variable's distribution. An 
"anticipated" value, on the other hand, is simply a value which an agent 
believes will occur. It may be a mathematical expectation if the agent 
knows the distribution of the variable in question and knows how to use 
this distribution. Conversely, it may be only one observation that, due 
to limited knowledge or even convenience, the agent perceives as either 
the only information available or information that is good enough for 
his(her) purposes. Given such a mindset, the agent proceeds as if the 
"anticipated" value was correct, even if it is not, for as long as 
he(she) does not know it is incorrect. 
Anticipated values of three variables are pivotal in the model. 
First, the feeders' acceptance of recommended nutrient allowances estab-
p 
lishes X ' as the vector of anticipated nutrient content of the diet. 
Since feeders do not view feedgrain nutrient contents as random 
variables, they must anticipate values for any X^^^s that they do not know 
with certainty. Second, by using the X^^^s and choosing ingredient pro-
portions that result in a diet containing % , the feeder establishes an 
anticipated content, A[x^] for all K nutrients (see equation (2.2)). 
And, third, feeders possess an anticipated market weight for the animals 
being fed. Denote an anticipated value as A[*]. 
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The presence and nature of an anticipated market weight merits 
further clarification. Livestock feeders seldom, if ever, know the exact 
weight at which animals will be marketed at any time other than a few 
days prior to the actual date of sale. However, both cattle and hog 
feeders possess an anticipated market weight during the feeding process. 
The anticipated market weight is not chosen haphazardly but is based on a 
combination of biological factors and historical facts. Feeders of both 
species are aware of the minimum acceptable market weights enforced by 
packers through the frequently-large price discounts for animals lighter 
than the minimum weight. In addition, cattle feeders are normally aware 
of quality and yield grade characteristics of different types and breeds 
of cattle at various weights. From this knowledge they know the approx­
imate market weight at which acceptable percentages (usually 70 percent) 
will grade U.S. choice and receive yield grades of U.S. #1, #2, or #3. 
This "optimal grading weight" is assumed to be the feeder's anticipated 
market weight. Hog feeders, on the other hand, usually determine the 
anticipated market weight by considering the historic profitability of 
feeding to various weights. The most profitable weight is then chosen as 
the anticipated market weight. 
The only factors which seem to cause feeders of either species to 
sell at weights markedly different from anticipated market weights are 
short-term market fluctuations in either the species or input markets and 
convenience. Since all prices were assumed to be constant, the first 
factor was not relevant to this study. Matters of convenience, though 
they can be important in bad weather and during, say, planting or 
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harvesting seasons, are beyond the scope of this study and thus are not 
considered. For these reasons, feeders are assumed to feed all animals 
to their respective anticipated market weights. 
Since the feeder is assumed to not perceive profit as being random 
even though nutrient variation exists, define his(her) objective as 
maximizing 
(2.11) A[(ïï/day)J = A [ Z + Ï. g ) - 2 FC • - PHC) 
^ s=l s " s=l * s=l ® ® 
DC AFC, 
r • 365^ 
where FC^ = cost per unit of diet for stage s 
F Qg = quantity of diet consumed in stage s, = 
PQ = the price of the output, 
p^ = the price of the ith input, 
DC = per-day costs, 
Dg = days in stage s, 
H = the number of head, 
q^^ = the quantity of the ith input in stage s, i=l, ..., N, 
PHC = per head costs including the cost of the feeder animal, 
AFC = annual fixed costs. 
Wj = initial weight of the animals, 
T = the terminal time. 
Equation (2.11) obtained from (2.6) by replacing "E" by "A" and 
rewriting the right-hand side to reflect the entire feeding period 
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instead of but one stage. Several of the variables in equation (2.11) 
either are or are assumed to be constants at the time that feeding 
decisions are made. Price of the output and prices of all inputs, 
including per-day costs, are assumed to be constant. Annual fixed costs 
are determined by the original investment, and the initial weight of the 
animals is known at the time input decisions are made. In addition, the 
feeder's assumed acceptance of recommended nutrient allowances 
p 
establishes Xg ^s the anticipated vector of nutrient contents of the diet 
for each stage s. 
F 
Dg, gg, Qg and FC^ for each s remain to be determined. Placing the 
anticipated vector of nutrients for stage 1, x^, and the initial weight 
of the animals, Wj, into equation (2.3) determines anticipated feed 
intake, A[I^] , at each weight during stage 1. Note that • A[I^] = 
F F 
A[Q^]. must be large enough to provide the amounts of nutrients 
n 
specified in x^ which, in combination with the animal's weight, 
determines anticipated average daily gain for stage 1, A[ADGj^]. 
Finally, 
A[g^] = A[ADG^] • A[D^] 
thereby allowing either A[g^] or A[D^] to be determined by defining stage 
1 as a specified gain, gj^, or a specified number of days, Ûy + g^ 
yields the initial weight for stage 2 and the process is repeated using 
TD 
X2 as the anticipated nutrient vector. 
By this process, all of the variables of equation (2.11) have been 
determined except FC^, the cost of the diet used in stage s and S, the 
optimal number of stages. The only ways by which the feeder can maximize 
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the value of equation (2.11) then are to choose S such that the marginal 
profit per day is zero and to choose the quantities of various feed 
R ingredients which minimize the cost of the diet containing Xg for all S 
stages. 
The latter problem is easily represented by a linear program (LP). 
The objective of the LP for all s is 
N 
Minimize: Z P^q^g 
N R 
subject to ^is^kis - Xks' ^ =1' K 
N 
i=l ^ 
q^g k 0, i=l, ..., N 
where = weight of one unit of the formulated diet. 
F 
Let Xg denote a KxN matrix of trait values in which X^^^, input 
one's trait value for nutrient one, is random and all other X^^j^^s are 
F 
fixed and known. The elements of X would be the a..s of the LP (Beneke S Ij 
and Winterboer, 1973) if X^^^ were constant rather than random. Consider 
now the process described for maximizing equation (2.11) under various 
anticipated and actual values of X^^^. 
Perfect information 
Assume first that X^^^ is known from, say, a chemical analysis of 
nutrient-containing input one. Denote this value as xj^^, the jth value 
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of Xjjg. Based on this knowledge, the feeder derives Z^glXiig for i=l, 
N, the feed ingredient proportions conditioned on which 
R * *1 
minimize the per unit cost of the diet containing Xg« Let FCg(Xj^g) be 
the cost per unit of the optimal diet conditioned on Then 
<i4i ' Xik - s. = AtXk'Xll' 
where ^il^^ ~ the anticipated amount of the kth nutrient 
present in the diet where the first argument is 
the anticipated value of the random trait and 
the second argument is the actual value of the 
random trait. 
Since X^., is the anticipated value and actual value (due to perfect 
1 ,'L 
knowledge from the chemical analysis) of the random trait, 
X k s ^ ^ i l s '  ^ i l s ^  ^ ^ ^ k s ^ k s  • • • »  K  
and 
"soils' ^ lls'  ACXs' • 
where XgCxj^g, xj^^) = the Kxl vector of actual nutrient quantities whose 
elements are X^gC^iis' ^ lls^' ^ =1, •••» K. 
The equality between actual and anticipated nutrient quantities means 
that 
• """"si-
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If stage s is defined by a given gain, g^, then is known and 
equation (2.3) determines Ig(Xgt Wg) = ACI^], 
"sells' *lls' xjj^) AMG^l 
and 
"s' • 4ls' = A'ls' ' AC»,] = ' 
Conversely, if stage s is defined by a given number of days, D^, 
then 
Îs«îl3- 4ls) = "=S«1U- = -^""=3= • "s = AtS^l 
and, using gg(%jix' ^ lls^ ^o determine in equation (2.3) 
^lls' = V • ®s • 
Actual profit per day in stage s is 
(2-12) day^^11' ^ 11^s ~ ,yj j V ^Cg]) " FC (xj^) 
D(Xii, X^i) 
. Q,(XI,, XJ,) - PHC) . 
and, if holds as the anticipated and actual value of X^^^ for all 
stages in the feeding period, actual profit per day for the feeding 
period is 
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S s 
(2.13) Xll)? = s (Po(WT+ : 8.) - ï (FCgCXj.) 
I D (xj,. x{,, 
S=1 ® 
•  Q l (4i' 4i)) - pHc) - -  i f ] .  
Ail variables in equations (2.12) and (2.13) equal their anticipated 
values due to perfect knowledge of and, therefore. 
(2-14) day ^^11' *il^T ~ '^'"^day^^ 
The distinction between anticipated and expected profit can now be 
drawn. Using actual profit per day (equation (2.12)), write expected 
profit per day as 
100 100 . 
(2.15) " Ï 'B' Î °s(b) * d^^^llb' ^ llbs(b)^ 
C^(Xii)] ^111'••'^llB 
where 2(X^^) = the probability density function (p.d.f.) of 
B = the number of lots of diet ingredient one used during the 
feeding period, 
s(b) = the number of stages during which the bth lot of diet 
ingredient one is used. 
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The limits of integration are zero to 100 because the random nutrient 
content, could conceivably comprise anywhere between zero and 100 
percent of input one. 
Note the difference between equations (2.13) (which, by equation 
(2.14) is the anticipated profit per day) and (2.15): the former 
reflects only the producer's mindset (i.e., the profit that occurred when 
x|is was exactly what he anticipated) while the latter involves the math­
ematical concept of expectation over the distribution of a random 
variable. 
Finally, annual profit per head subject to being both the 
anticipated and actual trait value in all stages of all feeding periods 
in the year is 
(2.16a) xjj) . 365 • = 365 • A[(^)] 
(2.16b) 
Estimate of the mean trait value 
Now consider the same feeder owning the same animals and making the 
same decisions with but one difference: he(she) does not know but 
knows only the value can be any one of the possible values of 
Xiigbut it is assumed to be a published estimate of the mean value of 
^lls' only requirement that meet is that the feeder either 
believes it to be true, or the best information available, or 
"good-enough" information when making feeding decisions. Therefore, 
X^^gis the "anticipated" trait value. 
49 
Given the feeder's acceptance of he (she) uses it in the 
linear program which minimizes the per-unit cost of the diet containing 
Xg. This yields the optimal proportions, for the N diet 
ingredients. The anticipated values of nutrient percentages are 
^is'^lls * ^Hs * %i ° *ks^^lls' ^lls^ for k=l, .... k . 
i—1 
Let Xg(%^ig' be the Kxl vector of anticipated nutrient proportions. 
If is the trait value that actually occurs, 
^lls> " acxg] =• *3 
and ADG^CXji^, - AWG^], 
sI'xlls' xlls' - aiq^i • 
Assuming that is anticipated and realized for all stages in all 
feeding periods in the year. 
"ann^^iis' ^ lls^ ^ •^'•"ann^ • 
Note that all of these are equal to their counterparts under perfect 
knowledge of if = xj^^. If X^^^ (i.e., the actual trait 
value), however, is not equal to X^^^, then 
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*s«1u' 4ls' '' acx;] = *3 
and, assuming A[gg] is still attained for all stages. 
a»g,(xl,s. 4ls) I ' 
"sells' 4l3' z a[»3:' and 
<!3«u3- 4ls' ? 
If A[Dg] still holds, then 
°3«u3' xll,) - a[d] 
but ss(xiis. xjis) ; a[g] 
Whether these actual values are greater than, equal to, or less than 
their anticipated values depends upon whether X^^^is greater or less than 
^lls' the size of Zigl%^ig and upon the effect that a change in 
has upon growth rate and feed intake in stage s. Write actual profit per 
day for the feeding period for this situation as 
dây^^lls' ^lls^T " S ,= ~3 T * 
I °s^nis* *lls' 
s=l 
- - r - 5 if • s=l 
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Due to the potential differences in the anticipated and actual values of 
performance measures (i.e., differences between and 
_IL_ fx Ï — —Z— fx Y \ 
day lulls' ^lls^T < day ^*lls' *11s't* 
The inequalities mean that the feeder makes decisions on his (her) best 
available information (i.e., the anticipated trait value) but that 
the results of those decisions may differ from what is anticipated. 
Equation (2.17) can be used to derive expected annual profit for the 
case where an anticipated trait value is used in the decision process. 
Represent expected annual profit by 
100 100 
(2.18) eci-^cx^j. xj,)] - 365 . ( ; ... j 
day ®llb' ^llb's(b) ' ®lll ••• ^ub' 
NIR-generated trait value estimate 
The availability of an estimate of x|j^ affects these decision 
processes by affecting the base trait value. Let x™^ denote the m-th 
possible test value that can be obtained from an NIR analyzer. The value 
may be used in either of two ways. 
First, x^^ could simply be used as thereby yielding a statement 
for expected profit very similar to equation (2.18). It would appear as 
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(2.19) xij)l 
100 100 „ n, -î 
' Ï 'b' Ï °s(b) ' *llb's(b) 
• • •  ^ ns> 
Second, if a feeder recognised that is a random variable subject 
to measurement error, he (she) would use x^j^ as information by which to 
adjust the probability distribution of according to Bayes' Theorem. 
To this point, the base value of the random trait has been some pre-
specified amount: either ^12 or x^l* However, the base value could 
be a variable chosen in the optimization process. Solutions to equations 
h (2.18) for base value X^^^ = X^^^ where h = 1, ..., H and actual value 
^lls' where j = 1, .... J will yield HxJ values of X^^^Xp 
which can be placed in a matrix as shown in Figure 2.1. Note that H=J, 
the number of possible values of X^^. Main diagonal elements of the 
matrix correspond to the H=J possible values of equation (2.15). The 
elements of the h-th row correspond to the J possible values of equation 
(2.17) where X^^ = 
Let the posterior probability distribution and T^l ^^11 
the posterior probability of X^^ with prior information item x^^. 
Combining the matrix of possible profits from the H base trait values and 
J actual trait values with the posterior probability distribution, yields 
a Bayesian decision matrix for x^^^. There are M possible matrices but, 
at a given time, the feeder need consider only the one for the x^^that 
has obtained. Weighting each profit by its respective T^l^^11 Sives an 
expected profit per day for each X^^. The optimal base value for test 
Base value Actual value (xij^) .and probabilities Expected profit 
4i 
r iil^i t^lll^l 
4i 
• t^ll'^l 
4i 
El3^j^[ii^(X^j^, Xj^p] 
4i 
^1 
"ann^^il'^il^t 
^ANN^^ll'^ll^T 
^amn^^il'^ll^t " 
"ann^^ii'^ii^t • 
• "ann^^il'^ll^T 
•• ^ANN^^ll'^ll^T 
^ '^1 '^^ann^^il '^ll^T^ 
® ' *11'•^ANN ^ ^11'^11 ^ 
, "ann^^i'^h^t it (x? X^ ) ANN^ 11' ll^T * n (3^ X"^ ) " ANN^ 11* ll^T ® ' *11'•^ANN ^ ^1 *^11 ^  
^ trait Figure 2.1. Matrix of payoffs and expected payoffs for base trait values XVi and actual J m n 
values X conditioned on test value x 
11 11 
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value x^^can then be chosen as the one that yields the highest expected 
profit per day. Call the optimal base value Ix^-^and denote expected 
annual profit as 
h* m 4 100 100 
(2.20) xji)] = 365 • ( ; ... jt d,,», 
u d u 
* day ^*ïl'*Tlb'^llb^s(b) ^^^11^*^111 ^IIB^ ' 
Four measures of expected profit have now been derived. They are 
(2.15) E[Ti^(xj^, xj^)] — No NIR data 
(2.18) E[tt^(X^^, XJ^)] — No NIR data 
(2.19) E[tt^(x™^, xJ^)] — NIR data 
(2.20) e[tr^(xj^lxj_^, x^^)] — NIR data. 
The notations "No NIR data" and "NIR data" denote the respective absence 
or presence of an information item from the NIR analyzer (i.e., a value 
x^^). As was pointed out in an earlier discussion, the only meaningful 
value for information is the expected value over all possible information 
items. Therefore, the expectation of "NIR data" measures over the 
distribution of NIR data, the x^^s, must be computed. These are 
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100 „ . 
(2.21) E [E[tt,^(x™ , XJ )]] = ; {E[7i,^(x!?,. XJ )3) t(x,,)dx 
amm'"!!' ni'" i, """ahm'ni' "11'" '""h'""!! 
" 
and 
(2.22) e ce[it^(xjj^|xj^^, x^^)]] = f fe[tr^(xj^j^|xj^j^, xj^^)])t(x^^)dxj^j^ 
*11 ° 
where t(x^^) = the probability density function of x^^. 
Decision processes involving an X^^ taken from published sources 
best describe current practices. Therefore, equation (2.17) is used as 
the standard of comparison in deriving measures of the expected values of 
NIR information and perfect information. These measures are; 
1. From (2.21) and (2.18) 
(2.23) EVil = E CE[IT^(XJ^. xj^)]] - E[n^(X^^. xj^)] 
*11 
2. From (2.23) and (2.18) 
(2.24) EVI^ = E [E[tt^(xJ*|XJ^, xj^)]] - E[TT^(X^^, xj^)] 
*11 
3. From (2.15) and (2.18) 
(2.25) EVPI = E[TT^(xj^. Xj^)] - E[TT^(X^p xj^)]. 
Note that all expected values of information (EVIg)are on an annual 
basis. 
1 2 Computing the net present value of EVI and EVI for all groups of 
animals to be fed during the expected life of the NIR analyzer determines 
the analyzer's value to the feeder using the respective process. 
Comparing these net present values to a similar measure for EVPI deter­
mines the difference between the NIR analyzer's value and the value of a 
perfect information source. 
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CHAPTER III: PROCEDURES AND DATA 
Addressing the objectives of this study by means of the ML model 
requires several interrelated procedures and data of several kinds. This 
chapter presents data analysis procedures, procedures to address specific 
objectives and a description of the required data. 
Nutrient Distributions 
Basic to the study's economic analysis are the distributions of 
protein, fat, and amino acid content of corn because these are the random 
traits of interest. Dent yellow corn grain is chosen because it is the 
only type of corn for which data on a sizable number of samples was 
available. 
As was noted in the introduction, marked differences appeared to 
exist between observations in the National Feed Composition Data Bank 
(NFCDB) data set that were received in 1978-79 and those received after 
1980. Differences between the means and variances of crude protein 
content were shown in Tables 1.5 and 1.6. The 1978-1979 subset had a 
mean of 9.429 percent and variance of .6423 while the 1980-present subset 
had mean 7.751 percent and variance .1854. An F-test revealed that the 
variances were significantly different at the .01 level and a t-test for 
unpaired observations and unequal variances led to rejection of the 
hypothesis of equal means at the .01 level. An investigation of 
potential reasons for these differences was warranted. 
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In 1972, Iowa State University introduced an inbred corn line called 
B73. Hybrid varieties with B73 as a parent exhibited significantly 
higher yields per acre and thus B73 was quickly included in many corn 
breeding programs. However, both B73 and the hybrid lines of which it 
was a parent had mean values for crude protein content of approximately 
nine percent of dry matter. This is nearly one full percent less than 
other varieties (Russell and Pierre, 1980). Hybrids developed from B73 
became widely used in 1979-1980 and now are planted on 25 million acres, 
approximately 30 percent of total corn acres in the United States 
(Hallauer, 1986), 
The mean crude protein values for the 1980-present sample and for 
hybrids involving the B73 inbred line are very similar. Furthermore, the 
widespread adoption of B73-parented hybrids occurred at a time that cor­
responds to the 1980-present sample. Therefore, the 1980-present sample 
was concluded to be representative of the corn available to livestock 
feeders at the present time. This conclusion carries several implica­
tions, but one is paramount; the estimate of mean crude protein content 
published by the NRC may not be accurate and thus feeders using the 
published NRC estimate may carry out their decision-making with faulty 
information! 
Because amino acids comprise crude protein, amino acid distributions 
were based on the 1980-present sample. Twelve observations were greater 
than .375 percent and deemed to be observations of high lysine corn, not 
dent yellow corn (Zimmerman, 1987). These twelve observations were 
therefore removed from the sample. The mean lysine value of the adjusted 
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sample, however, was so markedly different from the NRC-published value 
(i.e., .2831 percent versus .2436 percent, respectively, on an as-fed 
basis) that the validity of the sample values were further investigated. 
Pioneer Hi-Bred, a major producer of hybrid seed corn, conducted an 
experiment in 1985 that compared the nutrient content of hybrid varieties 
from each of the past five decades (Duvick, 1987). Results of this 
experiment indicated that the mean crude protein and lysine contents of 
1980's hybrids grown under widely used plant densities and fertilization 
levels were 7.917 percent and .285 percent, respectively, on an as-fed 
basis. These data are very similar to the same measures from the 1980-
present sample from NFCOB and lend credence to the latter sample being 
representative of the population of corn grain at the present time. 
Only five observations for ether extract (fat) were available in the 
1980-present sample. Forty-eight other observations were available for 
samples in year-groups 1970-1977 and 1978-1979. Sample means and 
variances for fat content are shown in Table 3.1. Pairs of sample 
variances were tested using an F-test and results led to failure to 
reject the hypothesis of equality for all possible pairs. In addition, a 
t-test for unpaired observations and equal variances failed to reject the 
hypothesis of equal means. Therefore, fat content observations for all 
three year-groups were pooled and used to derive the fat content distri­
bution. 
Data from the chosen year-groups for all variables were subsequently 
tested for normality using the Kolomogorov D statistic. The tests for 
crude protein, and fat resulted in rejection at the .01 level of the null 
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Table 3.1. Sample means and variances for fat content, eighty-seven 
percent dry matter basis 
Year group Number Mean Var 
1970-1977 16 3.669 .1057 
1978-1979 32 3.449 .2187 
1980-present 5 3.715 .0966 
hypothesis that the values represent a random sample from a normal dis­
tribution. However, the null hypothesis could not be rejected for either 
lysine or threonine. 
Further tests by the Iowa State University Statistical Laboratory 
(Koehler, 1986) revealed that the distributions of crude protein, and fat 
were well-represented by Weibull distributions. 
The finding means of crude protein, lysine and fat in the NFCDB 
sample differed from NRC table estimates gave rise to another objective 
for this study. The additional objective was: 
5. Determine the expected value of information when the NFCDB 
sample mean(s) is (are) used as the base trait value(s). 
Comparing this measure of EVI to measures of EVI for x™ and X |x™ as base 
values reveals the relative values of NIR-generated information and more 
accurate information about population means. Let expected annual profit 
given sample means be denoted as 
- < 3 A M  4  100 100 _ . 
( 3 - 1 )  =  3 6 5  •  [ J  . . .  J  •  ' ' l l b ' s C b )  
••• ®iib1 
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where the NFCDB sample mean value and all other variables are as 
defined in Chapter II. Equation (3.1) involves no NIR data. Using 
equations (3.1) and (2.18), denote the expected value of information 
under this process as 
(3.2) evi^ = ei-airakff. xii" - ehyumkii' *11» 
NIR Predictions and Conditional Probability 
Distributions for Crude Protein and Fat 
Probability distributions for nutrient percentages conditioned upon 
specific NIR-predicted test values were required to address objective lb 
(page 11). Data from the Iowa State University Grain Quality Laboratory 
included 111 observations of actual nutrient composition and reflectance 
measurements for six distinct wavelengths. 
A review of ordinary least-squares calibration equations for the NIR 
analyzer revealed that two wavelengths were significant predictors of 
more than one nutrient. This finding raised a question concerning cor­
related errors among the equations since a change in nutrient A may cause 
a change in the reflectance value of the wavelength common to the 
equations for both nutrient A and nutrient B thus resulting in a differ­
ent prediction for nutrient B. 
Correlation coefficients were computed for the residuals of the 
ordinary least-squares equations. The coefficients for moisture with 
starch and for crude protein with fat were concluded to be nonzero at the 
.01 significance level. This conclusion implies that ordinary least-
squares is an inadequate estimation technique and suggested that 
Zellner's seemingly-unrelated regressions (SUR) technique (Judge et al.. 
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1982) was a more appropriate method of estimating calibration equations. 
Parameter estimates for the four calibration equations are shown in Table 
3.2 with regressors being the five wavelength reflectances which were 
significant predictors. 
The SUR-generated calibration equations were used to compute NIR-
predicted values of crude protein and fat content for all 111 observa­
tions. Forecast equations of the form 
X = Xp p + e 
where 
X = 111 X 1 vector of actual percentages for one nutrient, 
Xp = 111 X 2 matrix of regressors with column one containing Is and 
column two containing NIR-predicted nutrient percentages, 
p = 2 X 1 vector of regression coefficients, and 
e = 111 X 1 vector of error terras, 
were estimated for crude protein and fat using ordinary least-squares. 
If the NIR analyzer is a perfect forecaster, one would expect the 
intercept coefficient (PQ) to equal zero and the slope coefficient (P^) 
to equal 1. The equations estimated are 
(3.3) CP = -0.11135 + 1.01423 CP^ 
(-.222) (15.862) 
(3.4) FAT = 0.08402 + 0.97606 FAT^ 
(.392) (16.067) 
where CP = crude protein percentage, 
FAT = fat percentage. 
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Table 3.2. Seemingly-unrelated regressions parameter estimates for 
moisture, crude protein, fat, and starch in dent yellow corn 
grain* 
Wavelengths 
Nutrient Intercept N3L0 N3L2 N3L3 N3L4 N3L5 
Moisture 15 .2529 -0.2298 0.2288 
Crude Protein 9 .9907 0.7069 -0.6153 0.0235 -0.1194 
Fat 3 .0107 0.3050 -0.2960 -0.1358 0.0107 0.1239 
Starch 69 .2088 0.5819 -0.8634 -0.1024 0.4318 
*A11 parameter estimates were significantly different from zero at 
the .01 level. 
The subscript p denotes the NIR prediction of the respective trait 
value. Values in parentheses are t statistics for the null hypothesis 
that the coefficients were equal to zero. The null hypothesis was 
rejected at the .01 level for the slope coefficients of both equations 
and not rejected for either intercept coefficient. Tests for the 
hypothesis that the slope coefficients of both equations were equal to 
one yielded t-statistics of .2225 and -0.3940, respectively. Therefore, 
both slope coefficients were concluded to be significantly different from 
zero and not significantly different from one. 
Tests using Kolomogorov D-statistic for the residuals of equations 
(3.3) and (3.4) resulted in failure to reject the hypothesis that the 
residuals represented a random sample from a normally distributed popula­
tion. Residuals of crude protein had a mean value of zero and variance 
of 0.11323 while residuals of fat had a mean of zero and variance of 
0.04885. Since the residuals for both forecast equations were concluded 
to be normally distributed, the normal cumulative probability function 
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was used to compute probabilities of residuals of various sizes up to 
plus or minus three standard deviations from a NIR-predicted value. 
Amino Acid Prediction Equations 
Due to (a) the importance of protein quality in swine diets, (b) the 
often critical levels of lysine, methionine, tryptophan and threonine in 
standard corn-soybean meal diets, and (c) the fact that the NIR analyzer 
can measure only crude protein, an effort was made to develop equations 
to predict amino acid content as a function of crude protein.' Because 
the swine growth simulator uses only lysine, threonine, and tryptophan, 
only these results are reported. 
Values of lysine and threonine content were plotted against crude 
protein for the 1980-present year group. Tryptophan was excluded due to 
the low number of observations (i.e., N = 16). Plots of both lysine and 
threonine values over crude protein suggested simple linear models and 
least-squares regression equations were derived. Parameter estimates 
2 
appear in Table 3.3. In spite of the low value of R for the lysine 
equation, both models were concluded to be useful due to the significance 
of their respective F statistics and t statistics for the coefficients of 
the crude protein variable. 
All the percentage contents for all nutrients in all diet ingredi­
ents except for crude protein, fat, and the amino acids lysine and 
threonine in corn grain were assumed to be constant and equal to the 
values of the National Research Council (1981). These data are the 
F 
elements of mentioned in Chapter III. 
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Table 3.3. Parameter estimates of regression equations for amino acids 
as functions of crude protein 
Amino Coefficients 
acid Intercept CP* F 
Lysine .19983 .014125 11.451* .1140 
(5.372)* (3.384)* 
Threonine .14831 .02553 120.839** .5447 
(7.17)** (10.993)** 
*Significant at .05 level. 
**Significant at .01 level. 
Computer Algorithms 
To evaluate the ML model and estimate the value of information 
regarding the nutrient content of dent yellow corn grain under a variety 
of conditions, computer algorithms involving growth simulation for 
feedlot cattle and growing swine were developed. Both algorithms 
included a subroutine to evaluate expected values of post-acquisition 
variable costs over the distributions of the random variables. A general 
schematic of these algorithms appears in Figure 3.1. Both growth simula­
tions were adaptations of software developed by the Department of Animal 
Science at Iowa State University. 
Beef cattle simulation 
The beef cattle simulation (Wilson, 1985) encompasses most items of 
current knowledge concerning beef cattle nutrition. It includes the net 
energy system (NRC, 1984) and metabolizable protein system (Burroughs et 
al., 1972) and allows for sex and type differences among cattle. Only 
USER-SPECIFIED 
VARIABLES COMPUTER ALGORITHM RESULTS 
Production constraints > 
Base trait values for 
random variables > 
Distributions of random 
variables > 
Desired accuracy level of 
integral evaluations > 
Growth Simulation 
Integral Evaluator 
> Feed ingredient ratios 
Anticipated input quantities, 
days on feed and post-
> acquisition variable costs 
Actual input quantities, 
days on feed and post-
> acquisition variable costs 
Expected post-acquisition 
variable costs, total 
•> variable costs and profit 
Figure 3.1. Schematic diagram of the computational procedure 
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medium-frame steers were considered in this study since this type and sex 
represents the largest proportion of cattle fed in Iowa. The simulation 
was modified to use the most-limiting of two measures of average daily 
gain; one based on net energy for gain and the other based on metaboliz-
able protein (Burroughs et al., 1974). 
The simulation begins by computing dry-matter intake as a function 
of the animal's weight. The intake function used is that of Owens and 
Gill (1982). The quantities of specified diet ingredients necessary to 
meet constraints on the percent of the diet comprised by concentrates for 
a feeding stage are then computed. The levels of net energy for main­
tenance (NE^), net energy for gain (NE^) and metabolizable protein (MP) 
in the diet then determine potential values for daily gain for the 
feeding stage. The most limiting of energy-determined daily gain and 
protein-determined daily gain is then used. Finally, variable and fixed 
costs (anticipated and actual, depending upon the situation) for the 
feeding period are computed from diet ingredient quantities and prices, 
days in the feeding stage and per-day costs. Per-day and annual profit 
are then determined. 
The feeding programs chosen were based on recommendations of Iowa 
State University extension animal scientists and their perceptions of 
typical programs used by Iowa cattle feeders (Loy, 1986). The program 
for steer calves involved starting cattle purchased at 550-pounds on a 40 
percent concentrates diet and increasing the percentage of concentrates 
by ten percent per week until the diet was comprised of 70 percent con­
centrates. The 70 percent concentrates ration was then fed until the 
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cattle reached 700 pounds, at which time the concentrates proportion was 
increased by five percent per week for three weeks (i.e., to 85 percent). 
An 85 percent concentrates diet was fed for the remainder of the feeding 
period. The program for yearling steers assumed that the cattle weighed 
700 pounds when purchased and were fed a 65 percent concentrates diet for 
the first week on feed. Percentage of concentrates was then increased by 
five percent per week up to 85 percent. The 85 percent concentrates diet 
was then fed for the remainder of the feeding period. 
Recall that feeding stage was earlier defined as a period of time or 
range of weight during which a unique diet is fed. The feeding programs 
just described thus delineate feeding stages for cattle. The stages are 
shown in Table 3.4. 
The selection of diet ingredients was based both on the objectives 
of this research and common practices of Iowa cattle feeders. 
Dent yellow corn grain was the only high-energy concentrate allowed 
since the use of any other high-energy ingredient would not allow the 
objectives to be addressed. While relative prices may warrant the use of 
other high-energy concentrates (e.g., grain sorghum and barley) at 
various times and in various regions of the United States, corn is nearly 
always in a position of price advantage in Iowa due to the amount of corn 
grown in the state and resulting low transportation costs. 
Alternatives for roughage ingredients were considered carefully and 
concluded to be limited at any given time when diets are formulated. 
This conclusion does not imply that few alternatives exist because corn 
silage, oat silage, hay1age, several varieties of dry hay and ground corn 
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Table 3.4. Feeding stages for feedlot cattle 
Limits Percent • 
Stage Beginning Ending concentrates 
Steer calves 
(550 lbs): 
1 Day 1 Day 7 40 
2 Day 8 Day 14 50 
3 Day 15 Day 21 60 
4 Day 22 700 lbs 70 
5 (Days 0 700 lbs) (Days @ 700 lbs)+7 75 
6 (Days 0 700 lbs)+7 (Days e 700 lbs)+14 80 
7 (Days 0 700 lbs)+15 Market weight 85 
Yearling steers 
(700 lbs); 
1 Day 1 Day 7 65 
2 Day 8 Day 14 70 
3 Day 15 Day 21 75 
4 Day 22 Day 28 80 
5 Day 29 Market weight 85 
cobs are all widely used by Iowa cattle feeders. Nor does it imply that 
relative prices (or costs of production) do not matter. The conclusion 
rests upon several facts. First, relative prices (or production costs) 
among roughage feeds are normally considered well in advance of the date 
of use. Roughages are planted, harvested and stored, thus, making only a 
few (often only one or two) available at the time of feeding. Second, 
markets are not well-established for most roughages (most notably 
silages), thus, making their purchase after the growing season very 
difficult. Last, transporting roughages is rather expensive due to their 
inherent bulk. Due to these restrictions the "least-cost" diet for any 
given cattle feeder was concluded to be the combination of corn, a 
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specified roughage (namely the one the feeder has on-hand), and protein 
supplement that met the constraints concerning percent concentrates. 
Corn silage was specified as the sole roughage since it is the most 
widely-used roughage in Iowa. 
Lastly, alternatives for protein supplements are limited by the 
weight of the cattle being fed. Cattle weighing less than 700 pounds 
cannot effectively utilize nonprotein nitrogen (NPN). Therefore, they 
must be fed a supplement whose protein is "natural" or true protein. A 
commercially-prepared 36 percent all-natural protein supplement was 
chosen to be used in simulations involving steer calves. Yearling cattle 
(700 pounds or more) can effectively utilize NPN for up to one-half of 
their protein intake. Therefore, a commercially-prepared 40 percent 
crude protein (20 percent NPN) supplement was chosen. 
The amount of protein supplement fed per day is not necessarily the 
minimum required to meet the metabolized protein requirements or 
allowances of the cattle. Since protein supplement is usually the only 
1 2 
available carrier of feed additives such as Rumensin and Bovatec , many 
feeders include a fixed minimum amount of protein supplement in the diet. 
Others feed a fixed amount of supplement regardless of the cattle's 
needs. Still others feed only what is necessary. 
Due to this variation in practices, three supplementation regimens 
were considered. They were: 
^Trademark of Blanco Products Company. 
2 Trademark of Hoffman-LaRoche, Inc. 
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1. Feeding protein supplement in an amount sufficient to meet the 
animals' requirements or allowances. 
2. Feeding not less than one pound per day for cattle weighing less 
than 700 pounds and one-half pound per day for cattle weighing 
700 pounds or more. Additional supplement was included when 
requirements or allowances warranted. 
3. Feeding protein supplement in amounts fixed at one pound per day 
for cattle weighing less than 700 pounds and one-half pound per 
day for those weighing 700 pounds or more. 
Minerals and salt were assumed to be fed free choice. Since con­
sumption of these items is normally only one-tenth of a pound per day or 
less and since these items are very inexpensive, their cost was ignored 
in computing measures of profit and the expected value of information. 
The simulation routine includes a user-specified "maintenance 
ratio." A value of 1.0 indicates typical management levels and no 
stressful conditions such as prolonged cold or hot weather or deep mud. 
Extension animal scientists recommend conservatism on this value due to 
random factors such as disease and weather. Therefore, all analyses were 
done with maintenance ratio of 1.05. 
The study's objectives are reproduced here for the reader's 
convenience. They are : 
1. Determine the value of NIR-generated information when the infor­
mation is used as: 
a. An error-free measure of nutrient content. 
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b. An estimate of nutrient content which contains errors whose 
distribution is known. 
2. Determine the value of NIR-generated information to a producer 
who uses the information to choose which lot(s) of corn will be 
purchased. 
3. Determine whether the losses due to imperfect knowledge are 
distributed symmetrically. 
4. Determine the differences in the value of NIR-generated infor­
mation for feeders of beef calves versus beef yearlings. 
5. Determine the expected value of information when the NFCDB 
sample mean(s) is (are) used as the base trait value(s). 
As a result of the specifications of cattle types and protein 
supplementation practices, objectives one, two, three and five were 
addressed under six distinct sets of conditions for beef cattle. They 
were; 
1. Steer calves, correct protein supplementation based on NRC 
composition values, 
2. Steer calves, protein supplementation with minimum per-day 
amounts, based on NRC composition values 
3. Steer calves, protein supplementation with fixed per-day 
amounts, 
4. Yearling steers, correct protein supplementation based on NRC 
composition values, 
5. Yearling steers, protein supplementation with minimum per-day 
amounts based on NRC composition values, and 
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6. Yearling steers, protein supplementation with fixed per-day 
amounts. 
The separate analyses for steer calves and yearling steers address 
objective 4. 
Swine simulation 
The swine growth simulation (Ewan, 1986) utilizes up-to-date 
research findings in modeling the performance of growing pigs. Features 
include the net energy system for swine, energy requirements as functions 
of environment (Bruce, 1977; Bruce and Clark, 1979; Robertson, Clark and 
Bruce, 1985) and partitioning of growth into lean, fat and ash 
(Whittemore, 1976, 1980, 1983; Whittemore and Fawcett, 1974 and 1976; 
Fawcett, Whittemore and Rowland, 1978a, 1978b). 
The simulation requires values be assigned to a number of variables. 
These include diet nutrient composition, diet cost per unit, pig weight, 
environmental factors such as pen size, number of pigs per pen, tempera­
ture, ventilation rate and whether bedding is used, and the proportions 
of gilts and barrows being considered. Given these values, the program 
computes the critical temperature for the pig subject to its weight. By 
comparing the critical temperature to air temperature and the presence of 
drafts, body temperature maintenance requirements for energy intake are 
derived. Feed intake is a function of weight and heat maintenance 
requirements and this intake then determines the amounts of energy, 
protein and the amino acids lysine, methionine and threonine available 
for growth. Growth is partitioned into fat and lean deposition based on 
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nutrient ratios. Upon reaching specified weights the pig can be switched 
to a new diet or marketed. A 1:1 ratio of barrows to gilts was assumed. 
Inbound and outbound shrinkage of 2.25 percent were computed from a 
function developed by Meyer (1981). The simulation computes both 
anticipated and actual variable costs, total per day costs, fixed costs, 
and per-day and annual profit. 
Diet nutrient composition is required as an input so the method used 
to derive diets must be specified. Again, dent yellow corn grain is the 
only high-energy ingredient considered. Pigs do not require or 
efficiently utilize roughages so none are considered. Therefore, the 
type of protein supplement used is the only remaining choice variable. 
Supplemental protein in swine diets may be provided in any one of 
three ways. Feeders may use a commercially prepared supplement contain­
ing all necessary minerals and vitamins; soybean meal (or some other 
high-protein concentrate) combined with a vitamin-mineral premix; or a 
"scratch mix" which includes a high-protein concentrate, limestone, 
dicalcium phosphate, an animal protein source and a vitamin premix. The 
first two methods account for over 75 percent of the protein supplement 
fed in farrow-to-finish and feeder pig finishing enterprises in the 
United States in 1980. Commercially prepared supplement alone accounted 
for over half of the supplement fed in these enterprises (Van Arsdall and 
Nelson, 1984). The last fact plus the unavailability of a price series 
on hog premix led to commercial supplement being the only option 
considered. 
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Because dent yellow corn grain and 40 percent crude protein commer­
cial supplement were the only ingredients considered, swine diets were 
simply formulated to meet restrictions on the percent of the diet 
comprised by various nutrients. Extension animal scientists recommend 
two different diets for pigs in the growing-finishing period. Multiple 
runs of the swine feeding simulation model revealed that the profit-
maximizing level of crude protein was well below the recommendations of 
Ewan et al. (1982). This finding was the result of a high supplement 
price relative to the corn price (discussed in a subsequent section 
concerning prices and costs) and generally agreed with the findings of 
Boggess, Olson and Heady (1984). The recommended allowances of Ewan et 
al. (1982) for other nutrients (especially lysine) appeared to be in line 
with profit maximization. Feeding stages for pigs were defined as 45 to 
120 pounds and 121 pounds to market weight. Nutrient compositions 
(including profit-maximizing protein levels) for the two diets on an as-
fed basis are shown in Table 3.5. 
Due to limitations in the pig growth simulation, only confinement 
feeding in a modified open-front building was investigated. 
Expected value computation 
A numerical integration program adapted from Kaylin and Preckel 
(1986) was used to compute expected values of profit and several other 
variables for perfect knowledge and NRC-based decisions. Crude protein 
and fat were the only variables of integration in the cattle feeding 
analyses. Lysine was an added variable of integration in the swine 
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Table 3.5, Recommended nutrient compositions of diets for pigs 
weighing 45-120 pounds and 121-240 pounds, as-fed basis 
Weight 
Nutrient 45-120 120-240 
Crude protein (%) 13.50 12.03 
Calcium (%) .60 .55 
Phosphorous (%) .50 .45 
Lysine (%) .70 .60 
Methionine (%) .43 .37 
Threonine (%) .39 .37 
Tryptophan (%) .13 .11 
feeding analyses. All analyses used plus-and-minus three standard devia­
tions from the means of the respective distributions as the limits of 
integration. 
Due to the number of profit measures necessary for the Bayesian 
decision method (i.e., 11,900 for cattle feeding and 1,700 for swine 
feeding), expected values were computed using discrete divisions of the 
range of random variables and the respective probabilities of these 
divisions. These posterior probabilities were computed from the 
conditional distributions of crude protein and fat using ten possible 
NIR-predicted values of protein and fourteen possible NIR-predicted 
values of fat as prior information items. Prior probabilities were 
computed from the respective population distributions of these two 
nutrients. No prior or posterior probabilities for lysine were used in 
the Bayesian computations because feeders making decisions based upon 
NIR-predictions were assumed to use the lysine prediction equation and 
formulate rations to meet recommended lysine allowances. Because 
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recommended allowances exceed requirements, this procedure yielded lysine 
levels at least as large as the pigs' requirements even when lysine 
levels were three standard deviations below the predicted level. Because 
the pigs' requirements were met, performance was never affected and 
profit was constant across all possible lysine contents. Therefore, no 
expected value evaluation was necessary. 
Prices and Costs 
Prices of outputs and inputs play an important role in determining 
the expected value of information. The mathematical derivations of 
Chapter II simply assume that all prices are constant at anticipated 
levels. Selecting values for anticipated prices was not, however, a 
simple task. 
Livestock and diet ingredient prices are volatile and are affected 
by many factors not directly related to livestock feeding or grain 
production. Accurate prediction of these prices for even one year into 
the future is perilous and often inexact. Current price levels, cycles 
and trends all influence a feeder's perception of future prices and, 
therefore, his(her) set of anticipated prices. Few, if any, can develop 
such a set for time periods beyond the most distant futures contract at a 
given time. 
The purchase of an NIR analyzer is a long-term investment. 
Niernberger (1978) used life expectancies of up to seven years for 
machines analyzing over 20,000 samples per year. Measuring the expected 
value of the information that may be generated by the machine, therefore, 
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requires considering planning horizon of, say, at least 10 years. Given 
the difficulty of accurately predicting prices even a few months in 
advance, accurately predicting prices 10 years into the future is 
virtually impossible. 
Since the ML model rests largely upon the livestock feeder's percep­
tion of what will occur, long-run averages of past prices were used as 
anticipated prices. Long-run averages were used for two reasons. First, 
the most plausible basis for current perceptions is history. Secondly, 
the magnitude and timing of price fluctuations are variable and thus make 
it very difficult to predict the timing of market peaks and valleys with 
enough accuracy to include them in, say, a net present value analysis. 
Monthly data for 1975-1985 were used. Prices for 1100-1200 pound 
slaughter steers, 700-pound feeder steers and 500-pound steer calves were 
taken from Livestock Meat and Wool Market News (U.S. Department of 
Agriculture, various issues) while the hog prices used were for 210-250 
pound barrows and gilts at interior Iowa buying sites. Corn prices came 
from Iowa Farm Outlook Charts. 1985-86 (Iowa State University, 1986) and 
prices for 40 percent protein hog supplement were taken from Agricultural 
Prices (U.S. Department of Agriculture, 1986). Prices of 40-50 pound 
feeder pigs came from the Knoxville, Iowa feeder pig market while those 
for 36 percent protein beef supplement came from a major feed 
manufacturer. 
Prices for all three weight ranges of steers exhibited a somewhat 
troublesome pattern over the time period in question. This pattern 
involved relatively stable prices from 1974 to raid-1978, a sharp increase 
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in prices in mid-1978, and relatively stable (though downward trending) 
prices from mid-1978 through the end of 1985. Prices in the recent time 
period were approximately 50 percent greater than those in the early 
period. 
The troublesome aspects of this pattern was that average prices for 
1974 to 1985 were higher than the average price of the 1974 to mid-1978 
period and lower than the average price of those during the recent 
period. The average price for the entire period, therefore, was not 
necessarily representative of a feeder's perceptions of the future since 
such perceptions are probably more heavily influenced by recent events. 
Furthermore, analyses of per-head profits using prices of the three 
weight ranges, corn and beef supplements for the two periods showed 
marked differences. Steer calf feeding resulted in a loss of $2.20 per 
head in the early period and a profit of $4.40 per head in the recent 
period. Yearling (i.e., 700-pound) steer feeding resulted in profits of 
$5.36 and $14.31 per head in the early and recent periods, respectively. 
These difference and the presumed-heavier influence of recent price 
levels upon anticipated prices led to the use of prices for the mid-1978 
to 1985 period as anticipated prices for all three weight ranges of 
steers and both beef supplements. 
No other prices exhibited clear-cut problems so average prices for 
1974-1985 were used for hogs and all other inputs. Anticipated prices 
are shown in Table 3.6. 
Several components of per-head costs were taken from Futrell (1983a 
and 1983b) and represent "typical" management practices. Cattle death-
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Table 3.6. Anticipated prices 
Item Unit 
Anticipated 
Price 
Slaughter-steers, 
1100-1200 lbs cwt 
( $ )  
64.10 
Feeder steers 
700-800 lbs cwt 69.03 
Steer calves 
500-600 lbs cwt 75.58 
Slaughter hogs 
210-250 lbs cwt 44.87 
Feeder pigs 
40-50 lbs hd 36.53 
Corn bu 2.51 
Corn silage ton 25.10* 
36% all-natural 
beef supplement ton 240.00 
40%, 20% NPN, 
beef supplement ton 156.00 
40% hog supplement ton 288.40 
^Price is for silage in the silo and is computed as the corn price 
multipled by 10 (Edwards, 1986). 
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Table 3.7. Per-head cost items and amounts 
Yearling Steer 
Item steers calves Hogs 
Vet. and medical, receiving* 5.30 6.50 1.46 
In-bound trucking* 3.85 3.05 1.50 
Marketing costs 7.30 7.30 1.31 
Death loss 2.45 5.74 1.74 
^Represent costs incurred at the beginning of the feeding period. 
loss percentages of .5 and 1.4 percent for yearling steers and steer 
calves, respectively, were taken from Loy et al. (1986) and a swine death 
loss percentage of 4 percent was taken from Holden and Stevemer (1986). 
All per-head cost items for which dollar values could be computed ex ante 
are shown in Table 3.7. 
Per-day costs include interest on the cost of feeder animals, feed 
and per-head costs incurred at the beginning of the feeding period, 
utilities, fuel, repairs, and labor. All per-day costs assumed that 
groups of 100 animals were fed. Estimates of labor per day for this 
number of animals were derived from Futrell (1983a and 1983b). Values of 
1.5, 1.75 and 0.5 hours per day per 100 head were used for yearling 
steers, steer calves and hogs, respectively. The wage rate was assumed 
to be $6.00 per hour. Utility and fuel costs (including feed processing 
and waste handling) were taken from Futrell (1983b) and were assumed to 
be constant at $2.70 per day for cattle feeding and $2.40 per day for hog 
feeding. Total noninterest per-day costs for a 100-head group were 
then: 
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Yearling steers — $11.70/day 
Steer calves — $13.20/day 
Hogs — $ 5.40/day. 
Interest-related per-day costs could only be computed ex post since feed 
cost and total per-day costs are components of this figure. An interest 
rate of twelve percent was assumed. 
Estimates of annual fixed costs come from Futrell (1986a and 1986b) 
and amounted to $33.10 and $24.20 per head of capacity for cattle feeding 
and hog feeding, respectively. These values include fifteen percent of 
the estimated per head investment of $175.00 for cattle and $123 for hogs 
where the multiplier (i.e., 15 percent) captures depreciation, taxes and 
insurance costs. The other component of annual fixed costs for hogs was 
fixed feed processing costs which amounted to $5.80 per head. 
Objective-Specific Procedures 
For each of the situations prescribed by livestock species and 
class, five measures of the expected value of information were necessary 
to address the study's objectives. First, the actual trait values were 
assumed to be known with certainty (i.e., in Chapter II). The 
solution for this situation is represented by equation (2.15) on page 47. 
Second, the NRC estimates of trait values were used as anticipated trait 
values (i.e., in Chapter II) while the actual values were random 
(equation (2.18), p. 51). Third, test values (x™^ in Chapter II) were 
used as the anticipated trait values (equation (2.21), p. 55). Fourth, 
the anticipated trait values which yielded the highest expected profit 
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in Chapter II) were chosen subject to the probability distributions 
of the random trait values conditioned on test values (equation (2.22), 
p. 55). Fifth, the sample mean trait values (X®^) were used as 
anticipated values (equation (3.1), p. 59). In all situations, diets 
were formulated to meet nutrient allowances. The first and second of 
these five measures of expected annual profit were used as bases for 
comparisons. The third, fourth, and fifth represent procedures to meet 
objectives la, lb, and 5 shown on page 70. 
The procedure to address objective two utilized the described 
computer algorithm with adjustments made in the conditional probability 
distributions. Figure 3.2 illustrates the adjustments that were made. 
The top panel of Figure 3.2 is shows the probability density function of 
&(X^^), and the posterior probability density function of X^^^ 
conditioned on r(X^^|x^^). There exist many conditional 
distributions, one for each value of x^^. Assume that test value xj^^ is 
the minimum acceptable (or cutoff) test value and that any lot of corn 
with Xj^^ < x^^ will be rejected. Therefore, only those posterior 
probability distributions lying to the right of r(X^^|x^^) and only the 
portion of t(x^^) (lower panel of Figure 3.2) lying to the right of x^^ 
are of consequence. The entire distribution of X^^^ still applies, 
however. 
Consider the expected profit of this method. Post-data expected 
profit is: 
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X. 11 
L 
x 
Figure 3.2. Probability distributions illustrating adjust­
ments necessary to investigate objective two 
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The pre-data expectation of profit, however, need no longer consider all 
possible values of Only those values of above x^^ (shaded area 
of Figure 3.2) need be used. Therefore, 
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Division by the term (l-J* t(x^^) dx^^^^) reflects the use of x^^ as the 
cutoff value. The term converts the probabilities of test values above 
x^^ to reflect that the shaded area of Figure 3.2 is now the entire dis­
tribution of values of x^^that may actually be used. The value of x^^was 
assumed to be either the NEC's published value or the NFCDB sample mean 
for the trait in question. 
Objective three regarding the synmetry of losses due to imperfect 
knowledge was addressed by computing differences between certainty profit 
^^ANN^*!!' ^11^ and profit using NRC estimates as the anticipated values 
at all levels of actual nutrient compositions. These differences were 
then plotted over and examined for symmetry. Profit using the NRC 
values was the basis for comparison because it is the measure most 
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descriptive of the actual method in which most livestock feeders make 
decisions. 
Objective four regarding differences in the expected values of 
information between production systems was addressed for beef feeding 
only. The procedure involved comparing expected value of information 
measures for feeding yearling (i.e., 700-pound) steers versus feeding 
steer calves (i.e., 500-pound) given that facilities were continuously 
utilized in each feeding program. 
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CHAPTER IV; RESULTS AND CONCLUSIONS 
The results of the procedures regarding objectives one, two, three, 
and five are presented here by species and class (i.e., yearling steers 
then steer calves then swine). Results regarding objective four are 
presented within the discussion of results for steer calves. General 
conclusions of the study are then discussed. 
Yearling Steers 
Table 4.1 shows measures of the expected value of information to 
feeders of yearling steers for three different original protein supple­
mentation regimens. All measures assume that the information is used to 
derive the correct amount of protein supplement needed to meet nutrient 
allowances. Equations used to compute the table values are discussed on 
page 80. One-time capacity means the maximum number of animals that' 
facilities can hold at any given point in time. 
NIR-generated information is most valuable to a feeder currently 
feeding a fixed level of protein supplement and least valuable to a 
feeder currently deriving correct protein quantities under the assumption 
that corn contains ten percent protein on a dry-matter basis (i.e., the 
NRC table amount). The table also shows that NIR-generated information 
is more valuable if it is used to derive an optimal base trait value 
(X Ix"*) than if the NIR reading is taken as the base trait value. The 
Bayesian decision process consistently resulted in X Ix"^ being .29 
Table 4.1. Expected values of information to feeders of yearling steers, dollars per year per head 
of one-time capacity 
Current 
supplementation 
practice 
Base Trait Values 
NIR test 
reading (î^) 
Optimal given 
NIR test reading 
(X I#) 
NFCDB 
Deans 
Value 
Percent of 
EVPI* 
Percent of 
Value EVPI a Value 
Percent of 
EVPI* 
Perfect 
Information 
(xj) 
Value 
One-half pound 
per day 
(1) 
$10.074 
(2) 
70.3 
(3) 
$11.371 
(4) 
79.4 
(5) 
$9.984 
(6) 
59.7 
(7) 
$13.674 
One-half pound 
per day plus 
additional 
based on NRC 
tables $ 9.895 70.0 $11.192 79.1 $9.805 69.3 $13.462 
Correct amount 
per day based 
on NRC tables $ 5.773 57.6 $ 7.063 70.5 $5.583 56.7 $ 9.347 
^Expected value of perfect information (value in column 7). 
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percent (one discrete division of the range of possible protein values) 
above This occurrence is most likely the result of the assumption 
that requirement levels for metabolizable protein are five percent below 
allowance levels. Due this assumption, metabolizable protein exceeded 
requirement levels by 5 percent in diets for which x*" was the anticipated 
and actual value. Because of the excess metabolizable protein, cattle 
fed diets containing up to five percent less metabolizable protein 
performed equally as well as cattle fed higher levels of protein supple­
ment. Reduced protein supplement resulted in lower costs, higher 
profits, and higher EVI. Diets containing approximately five percent 
less metabolizable protein resulted when proportions were used that were 
based on anticipated nutrient amounts just greater than x™. So, the 
Bayesian decision process simply chose the anticipated trait values that 
resulted in meeting the animals' nutrient requirements instead of 
nutrient allowances, the latter of which is higher. These results 
underscore the need for accurate determination of metabolizable protein 
and amino acid requirements. 
Possibly the most important results shown in Table 4.1 is the 
similarity of EVIs for x™ and as base values (column 1 versus 
column 5). NIR test readings allow feeders to gain only .63 percent more 
of EVPI than can be realized by using the National Feedstuff Composition 
Data Bank (NFCDB) sample mean values. Both methods (and using X Ix™) 
result in significant gains in profit over NRG-based decisions largely 
because the NRC table estimates are so different from the NFCDB sample 
means. 
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Using the NIR analysis as the base value allowed the feeder who used 
fixed protein supplement, minimum-plus protein supplement based on NRC 
values and correct protein supplement based on NRC values to capture 73.7 
percent, 73.5 percent and 61.8 percent, respectively, of the value of 
perfect information. Using NFCDB sample means allowed feeders to capture 
73.0 percent, 72.8 percent and 60.8 percent of EVPI for the same current 
practices. 
Table 4.2 shows ejqjected value of information measures for feeders 
using NIR-generated data to choose lots of corn with various minimum 
acceptable (i.e., cutoff) levels for crude protein and fat content. 
According to NRC tables of corn composition, as-fed crude protein and fat 
are 8.7 percent and 3.7 percent, respectively of corn weight. Mean 
values of crude protein and fat in the NFCDB sample are 7.69 percent and 
3.47 percent, respectively. Values in Table 4.2 are greater than 
corresponding measures in Table 4.1 since low nutrient content corn is 
excluded from EVI computations shown in 4.2. The value of information 
increases as the cutoff levels increase and if both measures are used as 
bases for discrimination in purchasing. Both of these practices result 
in more rejected lots of corn. No attempt was made to evaluate the 
difficulty (or costs) a feeder may encounter in finding corn to meet the 
quality requirements. In addition, note from Tables 4,1 and 4.2 that the 
use of NFCDB sample means as cutoff levels results in very small gains in 
the value of information relative to purchasing any corn and using either 
the NIR test value or the sample mean as the base value. 
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Table 4.2. Expected values of information to feeders of yearling steers 
by cutoff level for crude protein and fat percentage, 
dollars per head of one-time capacity 
Current Cut-off levels 
NRC values NFCDB sample means 
practice Protein Fat Both Protein Fat Both 
Fixed amount per day 11.921 11.163 13.162 10.052 10.773 10.931 
Minimum amount per 
day, additional 
based on NRC values 12.100 11.342 13.341 10.241 10.952 11.110 
Correct amount per 
day based on NRC 
values 7.798 7.040 9.039 5.939 6.650 6.809 
The expected values of information for x™ and X |x™ as base values 
(columns 1 and 3 of Table 4.1) were used to derive the minimum number of 
yearling steers necessary to yield a net present value (NPV) of zero for 
the NIR analyzer. The NPV of an investment in an NIR analyzer can be 
stated as 
Y H .EVI -C 
NPV = I - I, 
y=l (1+r)-
where Y = the expected life of the analyzer in years, 
= the number of head of one-time capacity for which 
NIR-generated information is used in the yth year. 
EVI^ = the expected value of NIR-generated information in the 
yth year, 
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Cy, = cash operating costs of the NIR-analyzer in the yth 
year, 
r = the interest rate, 
IQ = initial cost of the NIR analyzer. 
By using a factor from a present value table that corresponds with the 
desired life and interest rate, the equation for NPV can be restated as 
HPV = Fy • (Hy • EVIy - Cy) - I„ 
where Fy ^ is the table value and EVIy and C^, are assumed constant 
for all y. Setting NPV equal to zero and solving for yields 
«y -
A ten year expected life is assumed. Annual cash operating costs 
(maintenance and repair, calibration tests and utilities) were taken from 
Niernberger (1978) and equal $1525 per year. Analyses were done for 
interest rates of 9, 12, and 15 percent. The initial cost of the NIR 
analyzer was assumed to be $12,000 (Hurburgh, 1986). The first three 
rows of Table 4.3 contain results of the NPV computations. 
Results suggest that investment in an analyzer may be attractive 
even to relatively small cattle feeders, especially if they are currently 
utilizing fixed or minimum-plus protein supplementation regimens. 
However, recall that feeders can capture nearly as much in added expected 
profit just by using sample means; and this information is, for practical 
purposes, costless because it can be attained by reading this disserta­
tion or obtaining a copy of a report that would contain an updated 
estimated of the mean values. Due to the gains attainable using sample 
means, more appropriate measures of the expected value of NIR-generated 
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Table 4.3. Beef feedlot capacity necessary to yield a net present value 
of zero for the NIR analyzer, yearling steers 
Current Interest rate 
supplementation 9 percent 12 percent 15 percent 
practice 3^ x" xP X*|%P 
Fixed amount per day 337 298 362 321 389 344 
Minimum amount per 
day, additional 
based on NRC values 343 303 369 326 415 350 
Correct amount per 
day based on NRC 
values 588 480 632 493 678 554 
Correct amount per 
day based on NFCDB 
sample means 37,736 2,513 40,650 2,577 43,668 2,901 
information are the differences between values in columns 1 (and 3) and 
column 5 of Table 4.1. Values in column 1 exceed those in column 5 by 
$.09 per head of capacity for all of the current supplementation 
practices. Values in column 3 less those in column 5 equal $1.387, 
$1.386, and $1.38 for rows representing one-half pound per day, one-half 
pound-plus and correct amount current supplementation practices, 
respectively. Due to the very small differences in these, $1.385 was 
used to compute the capacity necessary to make NPV equal zero. Using 
equation (4.1), these gains in EVI result in the number of head shown in 
the last row of Table 4.3. These numbers suggest that only very large 
cattle feeders can gain enough in expected profits by using NIR test 
readings versus NFCDB sample means as base trait values to justify 
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investment in an analyzer. Much smaller but still sizable feeders may 
justify the NIR analyzer if test readings are used to derive optimal base 
values. 
Figures 4.1 through 4.3 show loss functions due to imperfect 
knowledge on the part of feeders using NRC table estimates and different 
supplementation practices. To assist the reader's interpretation of 
these figures, two points on the loss surface have been mapped in Figure 
4.1. Point C represents a loss of $1850 per 100 head of one-time 
capacity for corn containing 3.39 percent fat and 8.10 percent crude 
protein, both being on a dry matter basis. Similarly, point CC repre­
sents a loss of $1410 per 100 head of one-time capacity for corn contain­
ing 4.91 percent fat and 9.47 percent crude protein. All other figures 
of loss functions are constructed in this fashion and can be interpreted 
the same way. 
The functions are not symmetrical since losses at low crude protein 
levels exceed losses at high crude protein levels and losses increase as 
fat levels increase. This asymmetry is due to the differences between 
NRC values and the expected values of the nutrient distributions and 
implies that a large portion of the value of information arises from 
knowing when corn with low nutrient contents is being used and adjusting 
diets accordingly. Losses increase as fat content increases and, quite 
logically, reach a minimum near the NRC value of crude protein. A rather 
ironic result can be seen by comparing Figures 4.2 and 4.3 to Figure 4.1. 
Note that losses are greatest for the feeder using the NRC values to 
compute the correct amount of protein supplement. Feeders using other 
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Figure 4.1. Loss in dollars per year per 100 head of one-time capacity attributable to 
feeding constant per-day amounts of protein supplement to yearling steers 
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Figure 4.2. Loss in dollars per year per 100 head of one-time capacity attributable to 
feeding minimum-plus-necessary amounts of protein supplement to yearling 
steers 
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Figure 4.3. Loss in dollars per year per 100 head of one-time capacity attributable to 
feeding correct amounts of protein supplement when NRC nutrient content 
estimates were used as base values, yearling steers 
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supplementation practices implicitly have a margin for error and thus are 
not as badly hurt when the protein and/or fat content of corn is low. 
However, feeders using safety margins lose more when corn contains more 
than approximately 8.5 percent crude protein. 
Steer Calves 
Table 4.4 contains measures of the expected values of information to 
feeders of steer calves for the same circumstances as were discussed for 
yearling steers and presented in Table 4.1. As was the case with 
yearling steers, NIR-generated information is most valuable to feeders 
currently feeding a fixed amount of protein supplement and least valuable 
to the feeder using NRC values to derive correct protein supplement 
quantities. Use of NFCDB sample means as base values provides nearly as 
much profit as use of NIR-generated information. NIR test readings (x"^) 
yield only $.285 (1.99 percent of EVPI) more in EVI than NFCDB sample 
means. Like results for yearling steers, this is because of the marked 
difference between NRC table estimates and sample means. 
Note that expected values of information for steer calf feeders are 
lower than corresponding expected values for feeders of yearling steers 
(values in Table 4.4 versus those in 4.1). This result is due to the 
shorter feeding period and resultingly higher turnaround rate for 
yearling cattle. Due to the higher turnaround rates, more yearlings than 
calves are fed per year and even through the EVIs of NIR-generated infor­
mation are higher for steer calf feeders on a per-head basis, the annual 
value of NIR-generated information is higher for feeders of yearling 
Table 4.4. Expected values of information to feeders of steer calves, dollars per year per head of 
capacity 
Base Trait Values 
Current 
supplementation 
practice 
NIR test 
reading (x^) 
Value 
Percent of 
EVPI* 
Optimal given 
NIR test reading 
(X |2^°) 
Percent of 
Value EVPI* 
NFCDB 
Sample^eans 
(X ) 
Percent of 
Value EVPI* 
Perfect 
Information 
(x^) 
Value 
(1) (2) (3) (4) (5) (6) (7) 
Fixed amount per 
day within 
feeding stage^ $8.925 62.2 $10.799 75.3 $8.640 60.22 $13.192 
Minimum amount 
per day. 
additional 
based on NRC 
tables $8.441 60.9 $10.314 74.4 $8.154 58.83 $12.701 
Correct amount 
per day based 
on NRC tables $4.046 42.7 $ 5.920 62.5 $3.761 39.73 $ 8.268 
^Expected value of perfect information (value in column 7). 
br One pound per day when cattle weigh less than 700 pounds, one-half pound per day when cattle 
weigh 700 pounds or more. 
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steers. NIR-generated information also allows steer-calf feeders to 
realize a smaller percentage of the expected value of perfect information 
than tho same information and usage allows yearling steer feeders to 
realize. 
Results discussed for yearling steers also hold for expected values 
of information for steer calf feeders for various nutrient content cutoff 
levels. Values for steer calves appear in Table 4.5. Again note that 
the use of population means as cutoff levels increases the value of NIR-
generated information by only a small amount. 
Table 4.6 shows the number of head of steer calves that must be fed 
per year to realize a net present value of zero from investment in an 
analyzer for interest rates of 9, 12, and 15 percent. All costs are as 
outlined in the discussion of yearling steers and equation (4.1) was 
used. As was the case with yearling steers, investment in an NIR 
analyzer appears to be feasible even for small feeders who use constant 
amounts per day in separate feeding stages or minimum-plus protein sup­
plementation. If a feeder uses correct amounts of protein supplement 
based on NRC values, however, he(she) must have a substantially larger 
one-time capacity before the investment in an NIR analyzer is justified 
by its NPV. But, since using NFCDB sample means allows steer calf 
feeders to realize almost as much additional profit as using NIR-
generated information for all three current supplementation practices, 
the most appropriate measure of the feedlot capacity necessary to justify 
investment in an analyzer is again found by computing the capacity 
necessary to yield a NPV of zero where the EVI^ in equation 411 is the 
100 
Table 4.5. Expected values of information to feeders of steer calves by 
cutoff level for crude protein and fat percentage, dollars 
per year per head of capacity 
Current 
supplementation 
practice 
Cutoff levels 
NRG values NFCDB means 
Protein Fat Both Protein Fat Both 
Fixed amount per day 10.862 9.950 11.861 9.077 9.634 9.776 
Minimum amount per 
day, additional 
based on NRC values 10.378 9.466 11.376 8.592 9.150 9.292 
Correct amount per 
day based on NRC 
values 5.984 5.072 6.982 4.198 4.755 4.898 
Table 4.6. One-time feedlot capacity necessary to yield a net present 
value of zero for the NIR analyzer, steer calves 
Current Interest rate 
supplementation 9 percent 12 percent 15 percent 
practice X*|xP X*|%P x™ X*|x™ 
Fixed amount per day 380 314 409 338 439 363 
Minimum amount per 
day, additional 
based on NRC values 402 329 432 354 464 380 
Correct amount per 
day based on NRC 
values 838 573 902 616 968 662 
Correct amount per 
day based on NFCDB 
sample means 11,862 1,571 12,771 1,690 13,699 1,814 
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difference between the EVIs in column 1 versus column 5 and column 3 
versus column 5 of Table 4.4. Values in column 1 less values in column 5 
result in differences of $.285, $.287, and $.285 for the three current 
supplementation practices while values in column 1 less values in column 
5 yield differences of $2,159, $2,160, and $2,159. Due to the similarity 
of the differences for the respective NIR-based decisions, $.285 and 
$2,159 were used to compute the EVIs x™ and X |x™ as base values, 
respectively, compared to the use of NFCDB sample means. The last row of 
Table 4.6 contains the results of these calculations and suggest that 
only large calf feeders (more than 10,000 head of one-time capacity) will 
find investment in an NIR attractive if NIR-generated information is used 
as base values but that moderately sized feeders may justify an 
investment if data is used to derive optimal values. 
Loss functions for NRC-based or fixed supplementation decisions used 
in feeding steer calves appear in Figures 4.4 through 4.6. Again, these 
functions are not symmetrical and losses increase as fat content 
increases. Losses due to the imperfections caused by NRC information are 
substantially larger for steer calves; again due to the importance of 
protein levels for lightweight cattle. 
Swine 
Expected values of information for swine feeding were substantially 
smaller than those for cattle feeding. The expected value of perfect 
information was $5,366 per head of capacity. The expected value of NIR-
generated information was $3,234 per head of capacity (60.3 percent of 
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Figure 4.4. Loss in dollars per year per 100 head of one-time capacity attributable to 
feeding constant per-day amounts of protein supplement to steer calves 
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Figure 4.6. Loss in dollars per year per 100 head of one-time capacity attributable to 
feeding correct amounts of protein supplement when NRC nutrient content 
estimates were used as base values, steer calves 
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the expected value of perfect information (EVPI)) when the NIR-predicted 
amounts of crude protein, fat and lysine (from the least-squares regres­
sion of lysine on crude protein) were used as the base values and $3,542 
per head of capacity (66.0 percent of EVPI) when the same NIR predictions 
were used to derive optimal base values in the Bayesian producer. The 
expected value of NFCDB sample mean information was $1,586 per head of 
capacity (29.56 percent of EVPI). 
Optimal base values given an NIR prediction deserve additional 
scrutiny. Recall that feed ingredient proportions for NIR-based 
decisions were derived to meet the most limiting of either the crude 
protein allowances or lysine allowances with crude protein allowances 
being those that resulted in maximum profits subject to the anticipated 
price vector. This procedure resulted in diets containing excess crude 
protein from a profit maximization viewpoint when corn had high crude 
protein content because the lysine allowance limited the amount of 
supplement that could be replaced by corn. Lysine allowances, however, 
are higher than NRC requirements by .09 percent in the growing phase and 
.03 percent in the finishing phase. Meeting the lysine allowances 
therefore allowed.the diet to contain excess lysine and crude protein, 
thus causing the Bayesian decision process to result in base values of 
crude protein higher than the NIR test value since these higher crude 
protein values resulted in ingredient proportions which yielded lysine 
levels that net the pigs' lysine requirements. Recall that nutrient 
requirements are less than nutrient allowances. In fact, the optimum 
base value for all NIR test values greater than 8.166 percent dry matter 
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(7.10 percent as-fed) was 10.487 percent dry matter (9.12 percent as-
fed) . All diets chosen by the Bayesian process contained crude protein 
in excess of the profit-maximizing levels and lysine in excess of the 
animals' requirements (but less than the recommended lysine allowances) 
even when actual lysine content was two standard deviations below the 
predicted lysine value. Substitution of corn for supplement in the diets 
chosen by the Bayesian process reduced feed costs enough to offset any 
reduction in revenue due to reduced performance, thus increasing profit. 
The results of the Bayesian decision process underscore the fact 
that dietary crude protein levels are not as important as dietary lysine 
values in swine feeding. Optimal base values for crude protein and their 
corresponding ingredient proportions consistently resulted in dietary 
lysine content very near NRC requirement levels. This result held even 
when actual lysine content was two standard deviations below the level 
predicted by the NIR test value for crude protein. Therefore, it appears 
that the Bayesian decision process simply chose those crude protein 
values which corresponded to feed ingredient proportions that met the 
pigs' lysine requirements. 
Using equation (4.1), the number of head of one-time capacity 
necessary to yield a net present value of zero for an NIR analyzer when 
decisions are currently based on NRC table estimates (X) were computed. 
Costs and interest rates equal to those ^led for cattle computations were 
used. Results appear in the first two rows of Table 4.7. Results 
suggest that investment in an NIR analyzer may be advisable only for 
swine feeders with a one-time capacity of 1000 head or more. 
107 
Table 4.7. One-time feedlot capacity necessary to achieve a net 
present value of zero for an NIR analyzer, swine 
Interest rate 
Base trait values 9 percent 12 percent 15 percent 
x™ 1049 1193 1211 
X*|x™ 958 1089 1106 
Using equation (4.1) to compute the number of head of one-time 
capacity which resulted in a NPV of zero for the difference between the 
EVI of NIR-generated information (x™)and the EVI of NFCDB sample means 
rggyited in one-time capacities shown in the last row of Table 
4.7. The differences between values in the first two rows and those in 
the last row of Table 4.7 are not nearly as large as were comparable 
differences for cattle feeding. 
Since expected value computations for perfect knowledge and NIR-
based decisions involved three random variables, complete representation 
of the loss functions in a three-dimensional diagram was impossible. 
Figures 4.7 through 4.10, however, show loss functions for four different 
lysine levels. 
Examination of Figures 4.7 through 4.10 reveals a great deal of 
consistency in general relationships across lysine contents. Losses due 
to imperfect knowledge do increase as lysine content increases since not 
knowing that a high amount of lysine is present in corn means that 
feeders add unnecessary protein supplement. The positive relationship 
between losses and crude protein content is also due to over-
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supplementation; however, this result is due to the need for less and 
less supplement to meet crude protein requirements under perfect 
knowledge. The relationship between the fat content of corn and losses 
due to imperfect knowledge is somewhat interesting but not very meaning­
ful because no diet formulation decisions hinged upon fat content. 
Dietary fat content, and thus energy content, was not a constraint to 
formulation decisions. The increasing-then-decreasing pattern is 
probably due to interactions between dietary energy levels and crude 
protein levels. 
Changes in Feed Ingredient Quantities 
Tables 4.8 through 4.10 show differences between the expected 
amounts of feed ingredients for decisions based upon NIR test informa­
tion, NFCDB sample means and perfect knowledge versus the alternative 
current supplementation practices previously discussed. Differences are 
shown in units of ingredient and percentage of the amounts of ingredients 
expected to be required for the respective current practice. Expected 
amounts of feed ingredients were computed in the same manners as were 
discussed for computing expected profits. 
Changes for corn and corn silage in cattle diets are relatively 
small except for the current practice of using the correct amount of 
supplement per day based on NRC tables. Protein supplement quantities 
exhibited the most dramatic changes, decreasing by as much as 56.17 
percent from levels for constant per day supplementation when X Ix"* was 
used as the base values for yearling steers and increasing by as much as 
Table 4.8. Changes in diet ingredient quantities per head, yearling 
steers 
NIR test 
Current value 
supplementation 
practice Ingredient Unit Amount Percent 
Fixed amount per Corn bu -.066 -.139 
day Corn silage ton -.024 -1.54 
40% supplement 
(20% NPN) cwt -.34 -41.98 
Minimum amount per Corn bu -.077 -.162 
day, additional Corn silage ton -.019 -1.22 
based on NRC 40% supplement 
(20% NPN) cwt -.333 -41.47 
Correct amount per Corn bu -.968 -2.00 
day based on NRC Corn silage ton -.007 -.479 
40% supplement 
(20% NPN) cwt + .307 +188.3 
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Optimal given 
NIR test value 
(X /x*) 
Amount Percent 
-.184 
-.023 
-.387 
-1.47 
-.455 -56.17 
+ .148 
-.018 
+ .312 
-1.15 
-.448 -55.79 
-.718 
-.006 
-1.48 
-.410 
+ .192 +117.8 
Base trait values 
Actual.value 
(xj) 
Amount Percent 
+.255 +.537 
-.025 —1.60 
-.548 -67.65 
+.263 +.552 
- .020 -1.28 
-.541 -67.37 
-.646 -1.33 
-.008 -.541 
+.099 +60.74 
Amount Percent 
+.050 +.110 
- .020 -1 .28 
-.323 -39.88 
+.039 -.083 
-.015 -.963 
-.316 -39.35 
-.852 - 1.76 
-.003 -.223 
+.324 +198.8 
Table 4.9. Changes in diet ingredient quantities per head, steer calves 
NIR test 
Current value (x*") 
supplementation 
practice Ingredient Unit Amount Percent 
Fixed amount per Corn bu -.629 -1.12 
day Corn silage ton -.022 -.865 
36% all-natural 
supplement cwt -.103 -18.76 
40% supplement 
(20% NPN) cwt -.205 -18.67 
Minimum amount per Corn bu -.279 -.498 
day, additional Corn silage ton -.0203 -.810 
based on NRC 36% all-natural 
supplement cwt -.117 -20.78 
40% supplement 
(20% NPN) cwt -.233 -20.69 
Correct amount per Corn bu -1.991 -3.45 
day based on NRC Corn silage ton -.038 -1.50 
36% all-natural 
supplement cwt + .149 +50.17 
40% supplement 
(20% NPN) cwt + .299 +75.43 
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Base trait values 
Optimal given 
NIR test value Actual.value Sample Mean 
(X /x^) (XJ) 
Amount Percent Amount Percent Amount Percent 
-.023 -.641 + .095 + .169 -.377 -.67 
-.016 -.640 -.019 -.768 -.017 -.66 
-.171 -31.15 -.235 -42.81 -.097 -17.23 
-.341 -31.06 -.469 -42.71 -.195 -17.32 
+ .148 + .265 + .266 + .475 -.205 -.37 
-.019 -.748 -.018 -.712 -.010 -.40 
-.185 -32.68 -.249 -44.23 -.110 -19.54 
-.369 -32.77 -.497 -44.14 -.220 -19.54 
-1.564 -2.71 -1.446 -2.51 -1.918 -3.32 
-.036 -1.43 -.035 -1.40 -.033 -1.29 
+ .081 +27.27 + .017 +5.72 + .156 +52.53 
+ .163 +27.44 + .035 +5.89 + .312 +52.53 
Table 4.10. Changes in diet ingredient quantities per head, swine 
Ingredient 
Base trait values 
NIR test 
value (xP) 
Optimal given 
NIR test value 
(X Ix™) 
NFCDB 
Sample means 
Unit Amount Percent Amount Percent Amount Percent Amount Percent 
Actual.value 
(xj) 
Com bu +.117 +1.42 
40% hog supplement cwt -.078 -8.35 
+.249 +3.03 
-.116 -12.41 
+.251 +3.05 
-.124 -13.28 
+.422 +5.12 
-.603 -6.47 
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198.8 percent from levels used in correct amount per day supplementation 
when X™ was used as the base values. The negative values for supplement 
changes for the fixed and minimum-plus supplementation regimens versus 
NIR information-based decisions underscore the waste involved with these 
practices and point out the potential value of a low-cost carrier of beef 
feed additives. The large positive values for supplement changes for the 
correct-amount-per-day regimen using NRC content estimates versus NIR 
information-based decisions points out the error caused by NRC estimates' 
being different from sample means. 
Total dry-matter intake for all decisions based on NIR-generated 
information or sample means were less than those for NRC-based or fixed 
supplementation decisions. While part of these reductions were possibly 
due to an improvement in actual feed conversion caused by better-balanced 
diets and/or more energy in the diet, most of the reductions were the 
result of decreases in the expected number of days on feed. 
Conclusions 
The major conclusion of this study is that, relative to using 
current NRC estimates of the amounts of crude protein and fat in corn, 
the NIR analyzer is an attractive investment even for relatively small 
cattle feeders, especially if they currently utilize fixed or minimum-
plus protein supplementation regimens. However, the vast majority of the 
value of the NIR-generated information arises because the NIR analyzer 
provides better estimates of the means of the distributions than the NRC 
data provide, not because it provides insight concerning the variability 
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of nutrient content. Therefore, cattle feeders can do almost as well in 
improving expected profits by using accurate estimates of the mean values 
of crude protein and fat content of corn. At present, this dissertation 
may be the only source of such estimates but it is hoped that further 
research might make the estimates more readily available. Finally, if 
more accurate estimates of mean values are available, investment in an 
NIR analyzer appears feasible only for relatively large cattle feeders. 
The general conclusions outlined for cattle feeders also hold for 
swine feeders but to a lesser degree. There exists more value in knowing 
the variability of crude protein content in corn for swine feeding 
because a) dietary crude protein content is more important in swine than 
in cattle and b) predicted crude protein content can be used to predict 
lysine content; an even more important nutrient in swine diets. 
A Bayesian decision process adds value to NIR-generated information 
for both species and markedly reduces the number of head necessary to 
yield as NPV of zero for investment in an analyzer. However, estimates 
of this additional value hinge primarily upon a) the assumptions concern­
ing the difference between metabolizable protein requirements and 
allowances in cattle and b) the differences between lysine requirements 
and allowances in swine. Simply formulating diets to meet slightly lower 
allowances (since the feeder knows more about the corn he(she) is using) 
may accomplish the same thing. In addition, using the Bayesian decision 
process is much more complicated than simply using the NIR-predicted 
value. This complexity leads the author to doubt whether the Bayesian 
method would ever be widely used. 
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The study revealed several findings that were either not originally 
of interest or were completely unforeseen. Some of these findings are 
potentially valuable in-and-of themselves while others raise pertinent 
questions for future researchers. 
First, NRC estimates of the mean crude protein content of dent 
yellow corn grain (and, for that matter, specific grades of corn) appear 
to be approximately one percentage point too high on a dry-matter basis. 
Data from the National Feedstuff Composition Data Bank and Pioneer 
Hi-Bred agree closely with one another for samples from 1980 to the 
present time but differ markedly from NRC values. The same is true for 
lysine content. These differences suggest that a comprehensive study of 
the crude protein and lysine content (and possibly other nutrients) for 
modern corn hybrids may be warranted, especially in light of the gains in 
expected profits that resulted from the use of mean values from the NFCDB 
sample; 
Second, even with NRC values that are believed to be inaccurate, 
feeding the correct amount of protein supplement to feedlot cattle 
resulted in substantially higher expected profit than other supplementa­
tion regimens. This result hinged upon the assumption that another 
carrier of feed additives like Rumensin and Bovatec was fed during 
periods when protein supplement was not necessary (usually at weights 
exceeding 850 pounds). Therefore, a market exists for a Rumensin or 
Bovatec premix that is cheaper than protein supplement and bulky enough 
to insure adequate dispersion in the final diet. 
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Third, recommended levels of crude protein in swine diets appear too 
high, at least for high supplement;corn price ratios. Research regarding 
trade-offs of corn and supplement (and thus various dietary crude protein 
levels) for different relative price levels is rather old and does not 
consider merit buying programs for hogs such as the lean-value concept 
(National Pork Producer's Council, 1981). While maximum performance is a 
worthy goal, it may not be warranted from the standpoint of profit maxi­
mization. In fact, many swine diets used in this study resulted in 
protein-limited performance yet maximum profit per day given the 
anticipated market weights. 
Finally, normal market weights (1150-1250 pounds for steers, 230-250 
pounds for hogs) are higher than those which maximize profit per day in 
the continuous production enterprise. This study's end weights of 1190 
pounds and 240 pounds for steers and hogs, respectively, consistently 
resulted in lower profit per day than would have been realized by selling 
at lighter weights. Figures 4.11, 4.12, and 4.13 show examples of this 
result. Note that maximum profit per day occurred before the end of the 
feeding period which corresponded to the anticipated market feeding 
period which corresponded to the anticipated market weight. Market 
weights of 1080- 1120 pounds were best for steers while hogs sold at 
220-225 pounds resulted in maximum profit per day. Note that these hog 
weights were not based on merit buying. Had they been, the ideal market 
weights might have been slightly lower since lighter hogs would have less 
backfat and thus command higher premiums. 
Profit 
per day 
($) 
.10  _  
08 -
1160 pounds 
0 6 -
04 -
7 154 161 119 126 133 Day 
—. 02 — 
—. 04 — 
—. 06 — 
- . 08 -
- . 1 2 -
16-
- .20-
Figure 4.11. Profit per day as a function of days on feed, yearling steers 
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